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ABSTEACI 

This coll€Cticn of curriculum guides sets forth 
curriculum plans for teaching concepts in several ar^as relating to 
science, environment, and technology. The topics covered individually 
in this collection include: Air Pollution, Solid Waste Disposal, Data 
Technology - A Pollutant, Power Generation, and Noise Pollution. Each 
section includes a reference list providing additional sources of 
reading or audio-visual material. (RE) 
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FOREWORD 



In April 1969, the National Science Foundation awarded the 

Polytechnic institute. of Brooklyn a Grant (GY 6185) for the 
development of curriculum material for a course in modern technology 
appropriate for two-year colleges. The basic objective of the 
course is to provide non-science students an introductory under- 
standing of modern technology. ^) 

To capitalize on the enthusiastic support of several two- 
year colleges in the Staf-e of New York in the preparation of the 
proposal, it was decided to have teachers from six different 
two-year colleges in the State of New York participate in the 
development of the curriculum material and the initial trial of 
the course. By February 1970 the following two-year colleges had 
agreed to participate in the project: 

1. Nassau Community College 
Professor Andrew Kowalik 

Engineering/Physics/Technology Department 

2. Niagara County Community College 
Professor Roger Lehman 
Electrical Technology Department 

3. State University of New York 

Agricultural and Technical College at Farmingdalc 
Professor Charles Thompson 
Data Processing Department 

4. SuiTfolk County Community College 
Professor Mike Hawryluk 
Physics Dcpvirtmont 

b, Quecnsboro Community Co 11 eqo 
Professor Gabriel Kousourou 
Electrical Technology Dc^partment 
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The majority of the schools listed above are located within easy 
travel of the Polytechnic institute of Brooklyn. They represent 
a variety of schools with different student bodies. 

During the Spring* of 1970, the participants in the project 
received approval of their respective curriculum committees to 
offer a course on modern technology as a science elective. Listed 
below are the names of the courses approved by the two-year 
colleges participating in the program: 

1, Nassau Community College 

ENS 111-2 Science of Technology I, II 

2. Niagara County Community College 

PHS 448-9 Man and Technology I, II ^ 

3. Queensboro Community College 

ET 82 Computers in Modern Society 

ET 83 The Science of Engineering Technology 

4, State University of Now York 

Agricultural and Technical College at Farmingdale 
DP 101 Basic Computer Concepts 

5o Suffolk County Community College 

py 15-16 Environmental Physics I, TI 

At Che beginning of the 1971-72 academic year the title of the 
course at Nassau Community College was changed to Science of Man's 
World. 

Because of the different requirements at the various schools 
it wac decided not to develop a highly structured course. The 
participants in the project agreed that the most promising method 
of presenting the concepts of modern technology and the impact o\ 
technology on society was by the case study approach. As roprc- 
sentative of the material presented in the various course offerings, 
the topical sequence of the Science of Man's World course is listed 



/ 
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below: 
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Sci«nce of Man's World I. ^ 

a) Introduction to Course 

b) Decision Making and - Optimization- Tec^ni^s^ 

c) Fundamentals of Ecology / 

d) Thermal Energy and Thermal Pollution 

e) Electrical Energy 
Science of Man's World II 

a) Air Pollution 

b) Water Pollution 

c) Solid Waste Management 

d) Noise Pollution 

e) Nuclear Energy and Radiation 
f j Light and Laser Applications 

Resource modules were developed by the five participants in 
topics that were presented in the five courses. The present report 
contains the final version of the resource modules prepared in 

the following areas: 

1. Air Pollution 
Professor Andrew Kowalik 

2. Solid Waste' Disposal 
Professor Roger Lehman 

3. Data Technology 
Professor Charles Thompson 

4. Power Generation 
Professor Mike Hawryluk 

5. Noise Pollution 
Professor Gabriel Kousourou 
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It would be of great interest to the project staff in the evalua- . 

c •« 

tion of the material if comments., oh th^^^ilization of the resource 
modules and suggestions for improvement of^tie material contained 
in the modules were transmitted to: 

« 

Professor Maxian Visich, Jr. 
Polytechnic Institute of Brooklyn 
Graduate Center 
Route 110 

Farmingdale, New York 11735. 
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Prelimin * ' y Comments 

-TJie following material is intended to serve as a 

guide for instructors that are attempting to introduce 
air pollution to liberal arts or general studies students 
What has been compiled represents the author's opinion of 
the basic minimum that must be included in providing a 
comprehensive module. Omission of material has been 
necessary throughout; however, the attacTied reference 
section can be used to complete these gaps as an 
instructor's need develops. 

A selection of laboratory experiments has been 
included and it -should be kept in mind that special » 
equipment will be required to perform these samples. 
Two laboratory periods totaling six hours of time and 
nine hours of lecture were devoted to covering the 
contents. Feedback from students and fellow faculty have 
been incorporated in selecting the issues discussed and 
depth of background material presented. 




Air Pollution Backgrowd 

The atiiosphere is a dynamic system of gases, solids 
and liquids that are generated by both nature and man. In ^ 
addition we know that rather minute traces of pollutants 
are capable of causing effects upon man ». animals and plants. 
These features of the problem have lead to the generation 
of precise and elaborate instrumentation but our aim in this 
module will not be concerned with this aspect. It is to be 
appreciated however that continuous precise monitoring will 
be required €6 prevent harmful effects to man. 

As a starting point of reference the study of air pol- 
lution might best begin with a consideration of the composi- 
tion of air. Tabic 1 lists the gaseous components found 
by laboratory analysis. 

Particulate matter present varies greatly from place 
to place depending upon activities on the earth's surface 
while water content varies from 0% to about 5%. Variations 
in this average composition usually have quite harmful 
effects, i.e. 10% of would be. poisonous while 10% CH^ 
or H2 would be explosive. Such major variations however 
are not what is commonly considered in modern air pollution, 
but rather it is the gases and particles added in small a- 
mounts that modify the overall air quality. 
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Table 1 



( 



Average Gaseoys Composition of Natural Dry Air 



"Pure" 
Air 



Gas 

Nitrogen, .N2 
Oxygen, O2 
Inert Ga$es: 
Argon (9300 ppm) 
Neon (18 ppm) 
Helium (5 ppm) 
• Krypton (1 ppm) 
Xenon (1 ppm) 

Carbon Dioxide, CO2 

Methane, CH^ 

(related to carbon 
cycle) 

Hydrogen, H2 



Concentration 



(ppm) 
780,900 
209,400 
9,325 



315 
1 



(by volume) 
78.09 
20.94 
0.93 



0.03 



0.5 



Natural 
Pollutants 
(caused by 
sol. r 
radiation 
and light- 
ning) 



Oxides of Nitrogen 
N2O (0.5 ppm) 
NO2 (0.02 ppm) 

Ozone, Oj 



0.52 



0.02 
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A 1960 United States Public Health Services study listed 
the nijajor pollutants and their general sources as follows: 

1 * 

•i 

Table 2 

Sources of Air Pollutants (Million tons/year) 



Pollutant 


Source 






Carbon Monoxide 

Sulfur Oxides 

Nitrogen Oxides 

Hydrocarbons 

Particulate 
Matter 


- -■ " ' "" 

Motor Heating Trash 
Vehicles Industry Fuel Burning 


66 2.2 1 
1 9 3 1 
6. ' 3 - 1 

i; 1 1 1 

1 3 1 ■ 1 



A review of this table quickly proves the impact that 
the automobile has upon our national problem, (i.e. CO, NO2 

and HC are the three major air pollutants associated with 
the internal combustion engine) 
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Gasoous Air Pollutants 

CARBON OXIDES; Carbon dioxide, C02» is a normal component 
in the carbon cycle of our biosphere, however, the burning 
of fossil fuels has increased tke amount in our atmosphere 
by about 0.7 ppm per year. A continuation of this trend 
might cause a warming effect world-wide leading to a melting 
of the polar icecaps and subsequent floodinjrs. 

Coal Burning C + ^2 ^ ^^'2 

Natural Gas CH^ + 20^ — — ► CO2 ♦ 2H2O 

Carbon monoxide, CO, is a colorless, odorless and poison 
ous gas resulting primarily from the inefficient combustion 
of a fossil fuel. I 

2c ♦ O2 ► 2C0 

2CH^ + 3O2 ^ 2C0 + 4H2O 

While it is known that the CO level is not increasing 
world wide, it is not known exactly how CO is recycled in 
the biosphere. 

The maximum allowable concentration for healthy individ- 
uals in industry working an eight-hour day is 50 ppm. A 
level of 1000 ppm can produce unconsciousness in 1 hour and 
death in 4 hours. It has been found that the level inside 
an automobile movipg \n a heavy streaiii of traffic on a multi- 
lane highway will be about 25 to 50 ppm. Carbon monoxide 
combines with hemoglobin pigment in blood, therefore, oxygen 



is dif placed and the heart and lungs need to work harder, 
i.e. 8 hours in an 80 ppm. CO atmosphere results in a 151 
blood oxygen carrying capacity; effect equal to losing a 
pint of blood; traffic jam snarl 400 ppm. is common. 
Symptoms --headache, loss of vision, decreased coordination, 
nausea, abdominal pain, (now York City street average 
9 a.m. - 7 p.m. ISppm.j 

HXDROCARBONS : This family of organic compounds are mainly 
ass^iated with the incomplete combustion of fossil fuels. 
Some of these evaporated fuels reacts in the atmosphere 
with other pollutants in the presence of sunlig\t to gener- 
ate photochemical smog. Man presently produces only 151 
of world-wide emissions of hydrocarbons, however, he does 
so in concentrated areas leading to problems. (The natural 
emissions of hydrocarbons are generated from the natural 
cycles occurring in plants and forests.) Some hydrocarbon 
emissions have been listed as carcinogenic. 

SULFUR COMPOUNDS: From the standpoint of harmful effects 
upon man sulfur dioxide, SO2, is probably the most signifi- 
cant singj-e pollutant. SO2 is a corrosive and irritating 
pollutant associated with major air pollution disasters, 
i.e. London, Donora Pennsylvania, produced by the burning 
of fuels containing sulfur. 
S + O2 >- 

Such "killer" smogs are dramatic examples of intense 

pollution, however, much i vet unknown regarding long term, 
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low level exposures. Increased rates of chronic asthma, 
bronchitis and emphysema have been observed but the complete 
understanding of the mechanisms is lacking. 

Another important sulfur oxide produced in the atmo- 
sphere under the influence of sunlight is sulfur trioxide 
(SO3) . Certain amounts of SO3 are also generated in 

2SO2 + O2 ^ 2SO3 

combustion processes. Once formed SO3 reacts with the 
moisture in the air to form a mist of sulfuric acid. This 
acid mist then can attack tissue and materials due to the 

* 

very corrosive nature of this compound. 
SO3 + ^ ^280^ 

A final sulfur compound hydrogen sulfide, H2S is, a 
colorless, poisonous gas with an associated foul odor. It 
can readily react with metals resulting in tarnishing and 
in general weaken materials such as nylon. 



NITROGEN COMPOUNDS: Nitrogen dioxide, NO2, is the major 
compound in this group of pollutants. This gas has a 
brownish color, unpleasant odor, and in high concentration 
can cause effects up to death. An/ combustion that occurs 
in air can generate some oxidation of atmospheric nitrogen. 

N2 ♦ O2 ^ 2N0 

2N0 •»• O2 ^ 2NO2 

1 

Nitrogen oxide /hO, which is also formed during 
combustion is not a major factor due to the fact that NO 
is readily converted to NO2 in the air. Recent efforts to 
reduce the CO and HC emissions of automobiles has led to 
greater emissions of nitrogen oxides and a need for 
additional pollution devices to be developed. 
OZONE: Ozone, O3, is a small component of natural air 
frequently formed by discharges of lightning (0.02ppm). It 
is a colorless gas with a pungent odor which has been used 
as an oxidant in many air purifying devices. Industrial 
sewage plant gases are oxidized using concentrations between 
10 to 20 ppm, but such a high level would be fatal to humans. 
Home devices used for this same purpose have levels of 
O.lppm associated with their operation and as such really 
dc very little to oxidize household odors. It had been 
hoped that O3 might be used to combat airborne bacterial 
agents, however, a recent government study has shown that the 
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level needed to kill bacterial pathogens was killing guinea 
pigs even more rapidly.* 

PHOTOCHEMICAL SMOG: As a result of automobile emissions 
abundant sunlight, confining topography and suitable wind 
factors, residents of Los Angeles have become the victims of 
this airborne chemical reaction. The exact sequence of 
reactions is not fully understood » however, but the inputs 
of Ozone, Oj, nitrogen dioxide, NOj, hydrocarbons, i.e., CH^, 
and sunlight have led to the formation of peroxyacetyl nitrate, 
C2H3O5N, which is commonly -referred to as photochemical smog. 
This smog is an irritant to humans, damages plants, and 
weakens materials such as rubber. 

This form of air pollution is not found in all areas, 
however, the large population concentration of southern 
California has raised this problem to one of major significance. 



* U.S. Department of H.E. and W. , National Air Pollution 
Control Administration, Air Quality Criteria for 
Photochemical Oxidants , Washington, D.C., 1970. p. 6-18. 



Particulate Air Pollution 

Airborne "particlesV include both solid matter and 
liquid droplets of Varying size and weight. A useful 
reference to classify particles is the diameter of 
1 micrometer (25,400 micrometers " 1 inch). Droplets or 
solid particles with a diameter of less than 1 micrometer 
are usually called dust or mists while those greater th^n 
1 micrometer diameter are called grit or drops. Such a 
system is somewhat arbitrary and it is only used to help 
organize the rather vague usage of terms in discussing this 
aspect of air, pollution. 

Particle size is a major factor in determining the 
method of removal that should be used. For example, 
gravitational settling will ot cur at sizes equal to or 
greater thai 1 micron. Smaller particles must be attacked 
with such techniques as absorption, electrostatic 
precipitators, etc. 

The effects of airborne particles ranges from mere 
annoyance to corrosive action on lung tissue depending upon 
the amount, size and nature of the particles involved. 
Recently, studies have been performed to show the relationship 
between airborne dust and increased reflectance of the 
earth's upper regions. Increased amounts of dust have 
increased the amount of solar radiation reflected away from 
the earth which can lead to a world wide cooling. This fact 
has been somewhat balanced by the heating effects caused 
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by increased concentrations. The recent cooling of the 
earth seems to imply that the particle effect is 
dominating at this time. 



Effects of Air Pollution 



DIRBCT EFFECTS UPON MAN: The average person breathes 
35 pounds of air each day which is six times the amount of 
food and water that he consumes daily. This dependence 
upon a relative large quantity of air demands concern even, 
though the concentration of p.ollutants is rather small. 
Such long term, low level exposure to polluted air is not 
yet fully understood, however, the disasters that have 
occurred during the past 50 years have been evaluated. 
The exact response of an individual to polluted air varies 
depending upon factors such as overall health, level of 
concentration, length of exposure, etc. However, the 
general health effects can be divided into three categories 
for future reference: 

1. Acute illness; possible death. 

2. Chronic disease, i.e., chronic bronchitis, 
emphysema, asthma. Research needed to under- 
stand relationships. 

3. Annoyance, i.e., eye irritation, odors, nervous 
impairment. 

Probably the most notable American episode occurred 
at Donora, Pennsylvania in 1948. The city with heavy 
industry (i.e., sulfuric acid plant, zinc production, and 
steel millj suffered a three dav thermal inv^rc^.^^- 




trapping of pollution caused 6,000 people of the valley^s 
population of 14,000 to be ill with eventually 20 deaths 
directly being attributed to the inversion. Finally, on 
the fourth day wind action cleared the sky bringing relief. 
Several other cases of urban disasters have occurred, i.e., 
London 1952; Birmingham, Alabama 1,971; Miami Beach 1971; 
and it appears that these examples have served the purpose 
of forcing attention to the problem. 

EFFECTS UPON PLANTS: In general, plant life is more 
sensitive to pollutants than animals since theit cells 
are not protected by a mucous covering. The general 
categories of effects are listed as: 

1. Acute - markings on leaves causing death of 
cells or whole tissues. 

2. Chronic - gradual yellowing,,or discoloring of 
leaves. 

3. Suppression - reduction of growth caused by 
reduced photosynthesis. 

The total annual cost of plant damUge in the United 
States has been estimated to be close to one billion dollars. 

EFFECTS UPON MATERIALS: Gaseous acidic pollutants in general 
cause the damaging effects to materials. A few examples 
will help to illustrate the extent of damaging. 



a. Steel corrodes two to four times faster in 
urban areas than in rural areas. 

b. Hydrogen sulfide discolor lead-based paint 
and exposed metals «• acid mists weaken nylon. 

c. Stone facing eroded and darkened, i.e., New 
York Hilton required replacement in three and 
one -half years. 

d. Ozone - a component of smog damages textiles 
and discolors dyes - rubber deteriorates. 

Particle -5 driven at high speed can cause a 
destructive erosion of building surfaces while increased 
cleaning costs related to particles settling on clothing 
must also be considered. The total annual cost 
associated with these material effects is most difficult 
to assess but it ha> been estimated at several billion 

t 

dollars. 

EFFECTS UPON THE ATMOSPHERE: This topic best considered 
by evaluating local effects separate from global issues. 
Pollution and other urban characteristics complexly, 
affect the climate of the city. Every city is unique 
in the chemistry of its atmosphere and these differences 
may cause climatic variations. Wind is the basic parameter 
of urban climates, tall buildings increase friction and 
hence reduce the speed of moderate and strong winds, but 
increase turbulence during light wind situations. 

Four factors contribute to the excessive heat of 



tcwns: Changes that buildings anyroad cause in the 
thermal characteristics of the surface; changes in air- 

> 

flow pattern due to reduced diffusion of heat; lower 
evaporation rates and heat loss; and heat added by man's' 
activities. 

Precipitation in cities is altered by three major 
factors; the presence of pollutants that serve as 
condensation nuclei; increased turbulence caused by 
buildings; and convective airflow becuase of higher tem- 
perature. ^ 

Example: La Poice, Indiana, is 30 miles east of the 
large complex of industries at Chicago. Since 1925 LaPorte 
has had a notable and anomalous increase in total precip- 
itation, number of rainy days, ntimber of thtnderstorm days, 
and number days with hail. After a careful assessment 
of all available climatological changes it has been con- 
cluded that the climatic changes are factual. The changes 
probably are a consequence of the outpouring of heat, 
nuclei and vapor from the distant steel plants and related 
industries. 

In 1962, Landsberg compiled a detailed listing of 
climatic comparisons that show the effects of urban con- 
centration in rural areas. Fuel burning and daily activ- 
ities as well as the modiiied topography of a man made 
skyline have had direct and detremental effects. 



FACTOR 

Temperature 

Annual Mean 
Winter Minima 

Relative humidity 
Annual Mean 
Winter 
Summer 

Dust Particles 

Cloudiness 
Clouds 
Fog, winter 
Fog, summer 

Radiation 

Total on horizontal surface 
Ultraviolet, winter 
Ultraviolet, summer 

Wind Speed 

Annual mean 
Extreme gusts 
Calms 

Precipitation 
Amounts 

Days "with 0.2 inch or less 



Comparison with Rural Environs 



1.0 to l.S'F higher 
2,0 to 3.0*F higher 



61 lower 
2t lower 
81 lower 

10 times more 



5 to lOt more 
1001 more 
30% more 



15 to 20% less 
30% less 
51 less 



201 to 30% lower 
10% to 20% lower 
5% to 20% more 



5 to 10% more 
10% more 
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Global 

The extent of man's impact on the atmosphere is now 
global. There is now good evidence that air pollution is 
associated with certain changed in global climate. There 
is no proof, however, because of our inadequate understand- 
ing of the complexities of climate. 

From the 1880 *s to the 1940 's the average temperature 
of the world rose by at least ,0 . 7**F. The warming may be 
a consequeJli€ of the increased CO2 content of the atmosphere 
which, during the same period, rose about 11%. (Greenhouse 
effect) 
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However, after 1&40 the wbrld b*gAll to cool off, and 
by 1960 had cooled about 301 of the previous rise, even 
though the CO2 concentration continued to rise. It is 
suspect that the increased dustiness has caused the 
overriding cooling trend. Research is needed immediately 
to clarify the complex theory of global climatic change. 

♦ — 

Air Pollution Control Methods 

Air pollution is an i^sue which technology is capable 
of solving in terms of devices and techniques. The associated 
costs and lack of cpmmitment related to these solutions, 
however, has prevented the necessary action. This problem 
is one which differs from place to place with little regard 
for man-made boundaries. Existing Governmental agencies 
at various levels are hard pressed to finance control 
programs. However, if one attacks the problem at the 
.sources of emission, it is manageable; i.e., furnaces, 
automobiles, etc. ' Such a philosophy has encouraged regional 
and eventual Federal approaches which are discussed in a 
later section. ^ 

PARTICLES: Control methods regarding particles depend 
primarily upon the size of the particle to be removed. 
Large particles (greater than 1 micron dia^ will settle 
due to gravitational effects and gravitational settling 
chambers are used to provide time for gravity to act. If 
Ji^the velocity of a fluid is reduced, the particles that 
can be carried in airborne suspension are oT smaller ouU 
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smaller size. In order to expedite the separation, • 
cyclonic separators c«ti be used to spin the polluted gas 

and utilize centrifugal forces to collect the particles 
at the rim. Another alternative is to spray water through 
the air mass and increase the weight of the particles by a 
wetting action. The resulting dirty water is then treated 
off line with the particles having been removed as small 
as 0.01 microns. Filters could be used to remove sizes 
down "to 0.1 microns; and finally, electrostatic precipitators 
could be employed to remove particles. In .the section 
dealing with suggested experiments a complete explanation 
of the principles of an electrostatic precipitator is 
discussed fully. Power plants are presently being built 
and proposed incorporating precipitators or combinations 
.of devices, however, none of the above methods is easily 
adaptable to mobile sources such as the internal 
combustion engine. 

GASES: The treatment of pollutant gases utilize the concepts 
of adsorption and chemical reactions. Scrubbing devices 
which spray water through the air mass enables soluble 
gas to be removed; i.e., SO3 removed as a weak acidic 
solution. Adsorption uses an activated charcoal or 
silica gel like material to remove gases while devices 
such as catalytic mufflers are used to convert gas into 
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harmless end products. In the case of the automobile, 

^ is converted to CO2 and hydrocarbon vapors are -converted 

to water and 

Go vernmental Programs of Control 

Current legislation jtnd governmental programs have 
been organized ar many levels and the following brief 
summaries give one some familiarity with the extent and 
direction of current efforts. - 

\ 

FEDERAL GOVERNMENTAL, ACTIVITIES: The Air Quality Act of 
1967 requires the Secretary of H.E.W. to report annually 
to the Congress regarding the progress in the area of 
prevention and control of air pollution. This annual 
report is an excellent summary of the overall comprehensive 
Federal effort and the following coriunents will briefly high- 
light the 1971 report. 

The regional control machinery has been set up for 
25 air quality control regiphs. Local State governmental 
agencies have begun to adopt sulfur oxides and particulate 
air quality standards that have been developed as a result 
of Fed^jal sponsored studies. The National Air Pollution 
Control Administration (NAPCA) published the 1st criteria 
documents which dealt with sulfur oxides and particulate 
matter on February 11, 1969. In early 1970 the NAPCA 
published criteria for carbon monoxides, photochemical 
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oxidants and hydrocarbons. In addition, criteria data for 
nitrogen oxides, lead, fluorides, and polynuclear organic 
compounds were released in 1971. 

Federal research is presently attempting to identify 
and interpret health risk associated with the major 
pollutants, singly or in combination. Efforts to identify 
and quantify the economic and esthetic effects of air 
pollution are also being pursued. 

Surveillance of air quality and data collection in 
ronjunction with a computer national/ air data bank is 
maintained by over 200 stations across the nation. 

Public hearings are held to involve local government 
agencies and citizens when violations of established air 
quality are reviewed. At this time the Federal agency 
(NAPCA) serves as the source of technical information. It 
has been the general policy of the Federal government to 
encourage and assist local level enforcement. 

Research programs presently under grant include fuel 
desulfurization, new combustion processes, incineration 
techniques and the development of Rankine -cycle engines 
(steam) as alternatives to the traditional internal 
combustion engine. 

Since it has been stated elsewhere » it will simply 
be mentioned here that the automotive emission guidelines 
were federally developed and expanded to trucks and diesel 

f 
/ 

units in 1970. / 



NEW YORK CITY PROGRAMS OF AIR POLLUTION CONTROL: The City 
of New York has been studyiiijr' and organiiing data for 
almost 14 years". As a result' of this effort, a daily Ai5r 
Pollution Index is reported which indicites the levels of 
SO2, CO, and smokeshade. A joint effort between New York 
and New Jersey has resulted in an air pollution alert - 
warning system which includes detailed reactions depending 
upon the degree and juration of air pollution. Such items 
as a gradual curtailing of incinerator burning and power 
generation reduction are included as well as total 
automobile banning. 

In November 1966 the city entered a unique agreement 
to reduce air pollutants by specific amounts in a period 
of' five years. The was to be reduced by 1/3; the 
particulate matter was to be 1/2; and the CO level was to 
be reduced but a specific cutback was not stated in 1966. 
Local Law 14 (1966) restricted the use of coal and gave a 
timetable of sulfur content reduction from 2.2% to II by 
May 1971. Existing residual oil burners have been upgraded 
while an educational program for stationary engineers has 
been conducted to encourage proper techniques and equipment 
usage. Increased use of temperature controlled natural gas 
and central utility electric heat has also been promoted. 

A program of cleaner waste disposal has included such 
actions as upgrading municipal incinerators, inspection of 
private xmits and burning of wastes 12 miles offshore. 
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New York City's 38 monitoring stations have provided 
a wealth of urban data and organized it to the point, of 
indicating plans of action while the relatively small 
enforcement staff has answered 53,000 complaints which 
resulted in 9,600 violations during an IS month period. 
The magnitude of the city will demand even greater efforts 
than have been initiated by the initial 5 year plan, 

AIR POLLUTIOK CONTROL (NASSAU COUNTY) ; As an example of 
local governmental control one can investigate the efforts 
being made in a major suburban community. Nassau County 
(Long Island) located on the eastern boundaries of New 
York City, tt is a densely populated region of 
approximately 1.9 million people. The major contributor of 
air pollution is the automobile which adds over 75% (by 
weight) of the air pollutants to the area air mass. The 
closeness to New York City results in direct air pollution 
interaction. Studies have shown that 30* of the time the 
winds are from the west and as such, Nassau lies subject 
to air pollution fallout from the city. 

The county is not noted for heavy industry, but it 
does host a large light industry community. Housing is 
primarily single family units with only minor apartment 
house type facilities. 

With this brief background it is possible to 
understand the specific county programs and goals. 



Incinerators: County law requires all municipal (13) 
and private (3000) inpinerators to provide adequate burning 
and discharge characteristic. Alterations are in effect 
which are to be completed by ,1972. 

Private incinerators wi^l^be closed down by January 
1973 and new private incinerator construction has been 
prohibited as of January 1971. ■ ^ 

Sulfur Dioxide Control: Fossil fuel burning is the ^ 
prime source. In October 1969, the maximum allowable 
sulfur content was reduced from 2% to II - a further 
reduction to 0.37 is scheduled for 1971. 

Industrial § Commercial Operations: Operating 
certificates are required by law and tliey are reviewed eveVy 
three years. Air pollution control equipment must be 
installed and in good condition. 

Automobile Controls: The county is relying upon 
federal legislation to answer the general problem. In the 
interim smoky cars and trucks were apprehended and 
corrections obtained for over 1,000 cases during 1969. 

Complaint Investigation: 1,600 separate complaints 
were investigated in 1969. 

Air Sampling: 18 sampling stations; 2 mobile labs 
aircraft emission studies in the Inwood area. 



Future Goals and Landmarks of Air Pollution Control 

1967 County Law Adopted? 
Open burning banned* 

1968 Voluntary changes from coal to oil. 

1969 Sulfur in fuel dbwi to II. . 
Control of industrial and commercial 

A 

C plants implemented. 

1970 County Law tightened. 

Study of aircraft emissions started. 

1971 Federal controls on auto exhaust in 
effect. 

Sulfur in fuel down to 0.37t. 
Industrial and commercial plants to have 
emission control. 

1972 Municipal incinerator control devices 
completed. 

1973 Private incinerators phased out. 
1975 Annual tons discharged per year 

@ /25,000 vs 1,160,000 tons in 1968. 
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An Urbftii Problem and a Sasple . of Success 

It s^ppoars that air pollution disasters that have 
already occurred have not really caused a reversal in . 
the trend of urban air pollution episodes. However, 
examples of increased death rates related to sulfur oxide 
concentration have generated sufficient public alarm to 
force a reversal at least In the case of New York City, 



Table 3 

Examples of Acute Episodes of Air Pollution 



Date 



Location 



Levels of SO. 



Effects 



Dec. 1-5, Meuse Valley, 
1930 Belgium 



Oct, 
1948 



Dec. 
1952 



Dec. 
1956 



Nov. 
1953 



Nov, 

1966 



Donora, Pa. 



London 



London 



New York City 



New York City 



Max. 9ppm (estimated) 



Greater than 0.4ppm 
dail^ average 
(estimated) 



1.34ppm daily 
average (4500 
micrograms per 
cubic meter for 
particulates) 

0.4ppm daily 
av^ x*age (1200 
vpicrograms per 
cubic meter for 
particulates) 



0.86ppm Daily 
average 

0.51ppm Daily 
average 



63 died* Several 
hundred severe 
respiratory cases 

20 died. 431 
affected to some 
degree. 101 
severely affected 

4000 excess 
deaths 



400 excess deaths 



200 excess deaths 



168 excess deaths 



Source (for Tables 3-6): Air Quality Criteris for Sulfur Oxides. 
The National Air Pollution Control Commission, U.S. Dept. of Health 
Education § Welfare, January 1969. 



-24- 32 



Inspirtd hy th« now fasous 1966 Thanksgiving Day episode 
that struck the Middle Atlantic urban region, New York 
developed a code which was to reduce the sulfur oxide 
levels by 501 in 5 years. The results of their effort 
will be discussed shortly, however, it is of benefit to 
briefly highlight the details of sulfur oxide ♦s 
generation and effects. 

Health oriented effects of sulfur oxide are only one 
of many that can be directly traced to. their presence. 
Such additional effects as increased corrosion of metals, 
plant damage, reduced atmospheric visibility, weaken 
fabrics (i.e. cottoii, rayon ^nd nylon) and attacks upon 
building materials (i.e. limestone, marble, etc., are 
related to this pollutant. However, since the health 
issue is most critical, it is the only one considered in 
this section. In addition, the health disasters are 
usually directly correlated to excessive concentrations 
of sulfur dioxide that existed at the time. 

Classifying specific harmful effects of atmospheric 
sulfur oxides to man is extremely difficult due to the 
large number of factors involved; i.e., general state of 
health, age, hygiene habits, etc. However, the National 
Air Pollution Control Administration has attempted to 
compile data in order to determine generally unacceptable 
levels which can be used as guide lines. 



SO- 



0.25 
0.21 

0,046 



0.040 



T*ble 4 

* 

Effects of Sulfur Otldei^ on Hotlth 



Averaged 
Period 



Effects That 
May Occur 



24 hours 
24 hours 

1 Year 



1 Year 



Increased mortality 

Symptoms increase in 
patients with chronic 
lung diseases 

School children suffer 
increased severity aiid 
frequency of 
respiratory disease 

Increased mortality from 
bronchitis and lung cancer 



Source of sulfur oxides are varied. However, they 
include sea spray aerosols, volcanic activities, swamp gas 
(H2S) and man-made combustion products. The hydrogen 
ulf ide gas (rotten egg odOr) results as a product of the 
bacterial reduction of organic matter. It rapidly oxidizes 
to form sulfur dioxide in the atmosphere. 

Man became an active partner to nature in the 
discharge of sulfur compounds as a result of his fuel 
burning and the following table lists the various 
emission tonnages. 
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Table 5 

Annual" WorldrWide Eiai5;$lon$ of Sulfur (tons) ' 



\ 



Source Quantity of Sulfur Emitted 

(fiillions of tons) 



' , ' ■ r ' 

Pollutant sources of sulfur 




sioxide (iaan>made) 


73 


Hydrogen sulfide from biological 




processes on the continents 


68 • 


Hydrogen sulfide from biological 


30 


processes in the oceans 


Sea spray (mostly sulfate aerosol's) 


44 


Total 


215 



Average concentrations of sulfur compounds in the 
atmosphere are approximately constant because sulfur is 
precipitated from the atmosphere as sulfate solution in 
rainwater. It is absorbed directly in gaseous form by the 
ocean and by plant vegetation. (Sulfur in the form of 
sulfur dioxide has an estimated residence time in the 
atmosphere of 4 to 5 days) . 

The following repeated table shows the major emissions 
that are considered as pollutants. Such bulk data must not 
be taken out of context by neglecting to mention the 
significance of local topography and meteorology, height 
of emission, population density and rate of emission. 
Mere weight of pollutants can also mislead since the level 



of SO2 that is ni»eded to cause haraful effects is relatively 

small'. . - 

Ttble 6 

Emission of Five i^ejor Air Pollutants 
in the United States by Cource of Pollution (1966) 

(Data in millions of tons per )rear) 



Sulfur 
Source Dioxide 


Partic- 
ulates 


Oxides of 
Nitroien 


Hydro- 
carbons 


Carbon 
Monoxide, 


Automobiles 1 


1 


6 


12 


66 


Major 
Industries 9 


6 


2 


4 


2 


Electric 
power 

generation 12 


3 


3 


1 


1 


Space Heating 
(indoor 

heating) 3 


1 


1 


1 


2 


Refuse 
disposal 1 


1 


1 


1 


1 


Total 26 


. 12 


13 


19 


72 



With an understanding of how SO2 is generated the New 
York Control Program is understood by comparing the same 
pollutants on a local level that were emitted in 1966 and 1970, 

Table 7 shows the significant reduction iu sulfur dioxide 
in the areas of heating and power generation, while it also 
shows the lack of progress associated with automotive 
pollutants . 
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* ' *^h^ sttilur* contwit o# typlM^^^^ 

in N6W York are« b«fore 1964 avetagod around 31.' In 1964 
the administrative <;od9 HJBit^d the sulfuir content;' to a \r 
maximum of 2.81. Subsequently N.Y.C. Local Law 14 (May 196.6) 
reduced^ the allowable content to 2.21 by May 1969 and to 
21 by May 1971. Thereafter the limit.would be reduced to II.. 

Reluctance of oil companies to develop the processing 
capability of low sulfur oil melted away when it was realized 
that the local governmental agency meant business. One can 
only guess at the results this example will have when the 
other urban centers begin to act as a consequence of New 
York's example. 



Table 7 

Bmission of Five Major Air Pollutants 
in New .York City by Source of Pollution (1966 and 1970) 

(Data in thousands of tons per year) 
Numbers in parenthesis are 1970 values 



Sulfur Partic- Oxides of Hydro- Carbon 
Source Dioxide ulates Nitrogen Carbons Monoxide 



Transportation 


20 


(20) 


10 


(10) 


51 


(50) 


189 


(160) 


1564 


(1370) 


Manufacturing 


11 


( 9) 


6 


(5) 


3 


(3) 


1 


(1) 


1 


(1)" 


Electric Power 
Generation 


323 


(ISO) 


13 


(6) 


102 


(110) 


2 


(3) 


1 


(1) 


Space Heating 


530 


(210) 


29 


(22) 


127 


(130) 


7 


(7) 


20 


(20) 


Refuse Disposal 


3 


(3) 


32 


(26) 


3 


(3) 


24 


(18) 


46 


(35) 


Evaporation of 
fuels and 
solvents 














116 


(115) 






Total 


890 


(390) 


90 


(70) 


290 


(300) 


340 


(300) 


1650 


1 (1400) 


Air Resource Commission - 


N.y. City 1970 Report. 
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N«w York*a fuccet9 aust b« ktpt 19 context' since 
the added cost' of low sulfur fuel needs %o be coapiired to 
the benefits. Such low-cost benefit snal/s is work suffers 
from subjective factors , howeyer, the example still 
demonstrates it can be done. 



{ ■' 



i 
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Air pollution problems are aggravated when there is 
an inhibition of the normal dispersal processes of 
pollutants. Irregularities of the landscape may provide 
horizontal barrieri to dispersal while a thermal inversion 
may act as a ceiling. Where the two conditions' prevail, 
accumulation of pollutants results. The most potentially 
dangerous situation occurs in an industrial region situated 
in a basin or valley that is susceptible to thermal 
inversions. . • 

Normal thermal behavior in the troposphere involves 
a decrease of temperature with height. A layer of air is 
characterized by a thermal inversion when its temperature 
increases with height. The means whereby a thermal 
inversion acts as a ceiling to pollutant dispersal is 
illustrated by considering the concept of atmospheric 
stability. Let us isolate a unit volume of air, an air 
parcel, very close to the Earth's surface. The pressure, 
the weight per unit area, of the atmosphere is greatest 
at the ground and decreases with height. Hence, initially 
the air parcel is imbedded in an environment, of relatively 
high pressure. If the parcel is lifted, it is displaced 
into regions of steadily decreasing pressure. At this 
point it is assumed that the parcel does not mix with its 
environment; i.e., it retains its identity and there are 
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no motions of .the surrounding air .which compensate for the 
displacement of the parc'el. Because the pressure on the . 
rising parcel decreases, its volume increases.' This, is 
what happens to a helium-filled 1)alloon as*Ht rises through 
the atmosphere. If there is no loss or gain of heat energy 
through the imaginary walls of the air parcel, the energy 
initially contained in the parcel at grdlind level must 
spread out to occu]^ an ever- increasing volume as the parcel 
rises. As the heat energy spreads out, the temperature , 
drops. Hence, rising air cools. This cooling takes place 
at a constant rate of about 5.4**F/1,000 ft. 

In a layer of air characterized by a thermal inversion, 
air warms with height. Thus, a parcel isolated in the layer 
and displaced upward will always be cooler anu therefore, 
heavier than its environment. Even If the parcel of air 
IS given an in;^t;ial upward thrust, it .will eventually 
return tp its original position. An inversion is said to 
be a case of atmospheric stability. Thus, motion of air 
parcels through an inversion is prevented. An analogous 
stiible system is a golf ball resting at the bottom of a. bowl. 
Any dLsplaceroent of the ball will be followed by a return 
to its original position under the influence of gravity. 
An inversion thus prevents vertical mixing of air and leads 
to accumulations of pollutant-bearing air parcels. Continued 
Input into this stable layer results in dangerous 
concentrations of pollutants. 

iO 
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The Problem of Automotive Emissions 

Preseiitly over 100 million motor vehicles are operating 
on the nations' highways. It has been estimated that these 
units release each year approximately 60 million tons of 
carbon monoxide, 16 million tons of hydrocarbons and 
7 million tons of nitrogen oxides. A typical average vehicle 
emits 1200 lbs of carbon ronoxide, 320 lbs of hydrocarbons 
and 140 lbs of nitrogen dioxide each year. 

In order to reverse the growing trend of increased 
levels of these pollutants in our cities, the Federal - 
government passed the Clean Air Act which requires major 
reductions of these pollutants by 1975. The Federal action 
is an attempt to combat the problem at the sources and as 
such the relatively few major raenuf acturers of vehicles are 
subjected to annual inspections of their current /line of 
products. Problem areas such as Los Angeles have also 
imposed guidelines above and beyond the Federal laws. The 
Federal government is also conducting research to develop 
new engine designs and better understanding of the exact 
manner of interaction between man and these pollutants. 

Carbon monoxide is formed as a result of incomplete 
combustion of the air-fuel mixture. By .allowing greater 
time for the combustion to take place, it is possible to 

reduce this emission; however, limitations exist regarding 
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desired performance so that a coApromise must be 
eventually reached. Retardation of th# apark or the use 
of a clean air -fuel moistures has been iapleaented to 

improve the pollutional behavior of existing engine designs. 

9 

Hydrocarbor emissions result from inefficient fuel 
burning or a leak of fuel vapors. During the explosion 
within the cylinder, a partial quenching of the flame at the 
cooled cylinder walls prevents oxidation of the hydrocarbon 
fuel. Worm rings in the piiitoh cylinder assembly serve as a 
source of leaked hydrocarbons (blow- by) from the chamber 
while vapors can also escape from the gas tank and carburetor 
unit. Presently blow-by emissions have been eliminated by 
a recycling of vapors from the crankcase to the carburetor 
while activated charcoal canisters have been used to collect 
and prevent gas tank vapor emissions. Exhaust pipe 
emissions of unburnt hydrocarbons are presently being attacked 
by various catalytic muffler devices which also have the 
ability to reduce carbon monoxide to carbon dioxide. 

Efforts to minimize hydrpcarbon and carbon monoxide 
emissions by completing the combustion results in higher 
cylinder temperatures. Associated with these increased 
temperatures has been the problem of increased emission of 
nitrogen oxides. Presently developed technology calls for 
aa air injection of 101 cooled recycled exh^st gases to 



the carburetor. The resulting cooled combustion decreases 
the nitrogen oxide levels, however, at the expense of a loss 
in performance and decreased fuel economy. (Catalytic 
mufflers are now being researched which will convert nitrogen 
oxides back to nitrogen and oxygen). It is estimated that 
a developed system of catalytic muffler and exhaus.t recycle 
will cost approximately $200 per car. Most catalytic 
mufflers are fouled by leaded gasoline exhaust, therefore, 
unleaded fuel would be required. 

Demands for high perfornlance engines after World War IX 
were met by designing engines with high compression ratios. 
Such compressions of the air-fuel mixture encourages 
ignition before the spark causing a vibration or knock and 
subsequent loss of performance. Lead compounds were added 
to gasoline as an economical means of preventing such 
premature and uncoordinated explosions rather than the ' 
more expensive refining methods of generating fuels with 
similar behavior. 

A similar approach to emission control has been taken 
by DuPont which will not require the use of unleaded gasoline. 
(It is to be noted that DuPont is one of the two major 
suppliers of lead additives to the gasoline industry) . 
DuPont has introduced and tested a total system which 
includes an exhaust manifold thermal reactor capable of 
completing the combustion of exhaust hydro- carbons and 
carbon monoxide without the use of a catalytic substance. 



In order to control nitrogan oxides an exhaust gas 
recirculation is introduced which takes exhaust gas fron 
the engine and returns a portion to the carburetor. This 
returned gas effectively dilutes the air-fuel mixture so 
that the formation of nitrogen oxide is reduced* Finally* 
exhaust cyclone traps are used to collect and remove 
particulate matter from the emission. 

The results of testing and compliance with stated 
standards are very encouraging and follow. If such a 
system is utilized, Detroit will not need. to modify the 
well entrenched capital Investiment associated with the 
internal combustion engine. The results of the DuPont test 
in comparison with the Federal Standards are shown in 
Table 8. 

Table 8 

Total Exhaust Bmission Control System 

Exhaust Emission Standards ^ Goals 
Emission Levels, Grams/Mile 

' — — Particulate 

Year HC CO NO^ Matter 

1970 2.2 23.0 

1975 0.5 11.0 0.9 0.1 

1980 0.25 4.7 0.4 0.03 

Results of DuPont System 

Car A 0.30 11.0 0.7 0.04 

Car B 0.20 8.0 0.6 0.03 

Car C 0.20 7.0 0.7 N.A. 

Popular 4-door 1970 V-8 engines with automatic transmissions 

51 loss in fuel economy. ^ 
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Since the automobile is accountable for 601 of this 
nations total air pollution ills and cause more than 851 
of urban problems, it is understandable that the Federal 
government Senate Committee on Commerce (1969) held 
hearings on a "Search for a Low-r^ission Vehicle." As a 
direct result of these hearings, the Committee overwhelmingly 
endorsed the use of a steam engine alternative to the 
internal combustion engine. The steam engine being an 
external combustion engine is capable of burning cheaper 
fuels in a more complete fashion resulting in emission 
chaiacteristics that are quite impressive. 



Hydrocarbons 
Carbon Monoxide 
Nitrogen Oxides 
Lead 



Steam Car 
20 ppm 
0.051 
40ppm 
None 



Uncontrolled Internal 
Combustion Engine 

QOOOppm 

3.5% 

ISOOppm 

lepends on gas used. 



The Rankine (steam engine) has the advantage of full 
power immediately (high torque at low speeds) and therefore 
does not need a transmission to accelerate. It also has a 
rapid start up (20 sec) which is a marked improvement over 
the well known Stanley Steamer. The risk of explosion 
during a crash has also been greatly reduced in comparison 
with a 20 gallon tank of typical present day fuel carried 
by automobiles. 

45 



Why then hasn't the switch over be^n ntde? First end 
foremost is the inertia of the existing autonobile industry, 
the big three of Detroit (G.M., Ford, Chrysler) have seen 
no consumer demand generated that would warrant steam 
engine usage. Secondly, is the petroleum industry complex. 
Present refineries for high-octane fuels would need to be 
revamped in order to produce the needed low-grade kerosene. 
The costs of overhaul to the auto industry are almost 
prohibitive; therefore, it is likely that little beyond 
modifying the e isting internal combustion engine will be 
done by them on a voluntary basis. This fact leads into 
the third and overlapping impediment to change which is 
the costs associated with entering the automobile market 
with an independent alternative. In order to produce the 
necessary volume of units to reach the economies of scale, 
the Senate Committee has suggested steps which would help 
in creating the market. The suggestions include: 

a) Congress legislate to require procurement of 
low-emission vehicles. 

b) State and local levels of government should 
do likewise. 

c) The Department of Transportation should 
finance demonstration projects of steam 
engine cars. 

d) The Department of Health, Education and 
Welfare should devote greater portions of 
research funds into this area. 



6) Mass transit operations that require, fleets 
of vehicles should be encouraged to procure 
low emission units. 

♦ 

It remains to be seen, however, just how the give and 
take arena of our government and industrial complex will 
reach a solution. 



studant BxpTiaent SmU 

Efficiency of an Blectroatatic Precipitttor 

Object : The object of thi» experi»ent ii to qualitmtiveXy 
illustrate one of the typical air pollution control devices. 
Theory ; An electrostatic precipitator is a device which 
utilizes a high voltage difference between two electrodes 
in order to ionize the air between the electrodes. This 
ionized air in turn charges the particles in the air and 
they can then be drawn to the oppositely charged electrode. 
(The ions attach themselves to the particles in order to ^ 
"give" these particles a charge). Once the particles have 
been transported to the collection electrode they must be 
removed periodically in order to prevent reetrainment and 
also tc allow the electrical forces of the electrode to 
perform at full capacity. 

Industrial electrostatic precipitators are usually a 
single stage, rod and tube type wherein the gases to be 
cleaned are passed through a high intensity, direct current 
field. They are frequently employed in metal processing 
industries to collect the fine metallic oxide fumes; in the 
public utility type furnace systems for removing fly ash; 
and by the carbon black industry to prevent loss as well as 
pollution. They are capable of handling gases which are 
hot (up to llOO^F) or cold, wet, or dry. In 1969 alone, 
almost one billion cubic feet per minute or industrial gases 
were cleaned with such units, 

iff 
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Equipment : 

1. Eduquip Electrostatic Precipitator. 

2. Ten feet of plastic tubing. 

3. 6 to 12 volt D.C. power source. 

4. Eduquip snoke generator 

5. A flow meter (0-5 liters per minute). 

6. Filter holder assembly including filter paper. 

7. A suction source capable of drawing 3 liters 
per minute (pump or aspirator) . 

8. Stopwatch 

9. Pinch clamp 

10. Analytical balance, capable of reading 
0.1 milligram. 



Bxp»ri«enf 1 Procedure ; 



collecting 




0-12 volt DC Power Supply (2 amp min.) 



I 



Dry 6 pieces of filter paper In a desiccator overnight. 
Label them 1 thru 6 with a pencil on the- smooth downstream 
side. Weigh each filter on an analytical balance to the 
nearest 0.1 milli'^ram. Recova these weights for the six 
filters and insert #1 into the filter holder. Start the 
suction pump and adjust it sc that apprbximatelyl.S liters 
per minute is obtained as a reading on the flow meter. 
Insert a smoke source at the inlet to the precipitator. 
Using a stopwatch and leaving the precipitator deenergized 
allow smoke to be generated through the precipitator and 
filter for exactly 2 minutes. A pinch clamp can be used for 
an off-on switch on the line connecting the suction pump 
to the flow meter. Remove filter #1 from the holdier and 
place it in a desiccator. 

Clean the entire precipitator and filter holder with 
tissue paper. Place filter #2 in the holder and repeat the 
experiment with the electrostatic precipitator energized at 
6 volts. Open the pinch clamp and activate for 2 minute's. 
Make a series of such runs with a cleaned unit at voltages 
of 8, 10, and 12 volts. Finally, using filter number 6, 
rerun the experiment at zero volts. 

After 24 hours in a desiccator weigh the filters. The 
net gain on the filter divided by the product of the 
sampling rate and sampling time will yield the concentration 
of smoke which passed through the electrostatic field in 
micrograms per cubic lucter. 
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Sample Calculation ; 



/ 



(a) FlUer #1 net weight gain - final wt/- initial wt 
\ 0.0103 gn > 0.9103^1 - 0.900 gn 



\ 

(b) .Filter X2 net wr. 



\ 



\ 



» 0.933(r gn - 0.9321 
• 0.0009 gm 



^ , , ^ . - \ filter »l/gain ■ filter #2 gain 

Collection efficiency « ' ■ 7 * * 

Tilter #1 gain 



Eff « 0«0103 ' 0.0009 
0.0103 



1 



L 



'00 - 91. 2t 



Questions S Analysis; 



/ 



1. Compute and compare t^e results of all six runs. 

2. Evaluate the effect ^f varying voltage upon 
collection efficiency. 

3. Why isn't the devic^ used to clean the exhaust 
of an automobile. 



AXR POLLUTION DEMONSTIIATXON ^ 

High Volume Particulaf Sanpliny (Indoorsj ' 

Introduction ; 

One of the major indices of air pollutioii is the quantity 
of particulate matter in each cubic meter of air in the 
environment. A standard technique for determining the mass 
of particulate laaterial in the atmosphere is to draw the air 
through a preweighed high efficiency (small pore size) filter 
at a known volumetric flow rate. The filter collects all the 
particulate matter in the air which passes through it. It 
may then be reweighed to determine its net gain. The 
Public Health Services, both State and Federal, use this 
technique as the accepted standard for particulate 
concentration determination. This experiment uses a high 
pressure blower to draw particulate laden air through a 
filter. It does not depend on the settling out of particle^ 
and therefore samples a greater fraction of matter. It is 
also very accurat*^ but only for a mass determination. 
Particle count and size determinations are impossible. 

The High Volume Sampler is a device which draws upwards 
of 1500 liters per minute of ambient air through a piece of 
high efficiency fiber glass filter paper. This technique 
enables the investigator to sample a large quantity of air 
in a relatively short period of time. Very noticeable 




graying of the filter paper is evident within 30 'minutes. 
Each **Hi VoV comes with its own manometer which is 
connected to a tap at the outlet. The iinits are all 
factory calibrated and all the user, need do is read the 
pressure differential on the. manometw « and compare it to 
the graph to determine the volumetric flow rate. 

Equipment i 

1. The High Volume Sampler 

2. 1 box of high efficiency filter sheets 

3. A balance capable of weighing to 1.0 milligram. 

* 

Prpcedure: 

Release the clasp on the High Volume Sampler weather 

9 

cover. Raise the gasketed frame by releasing its clasp. 
Desiccate a piece of filter paper for several hours. Put 
a number on the backside (smooth side) of^ the paper in 
pencil. Weigh the'filt,er on an analytical balance to the 
nearest milligram. Record this weight. 

Place a piece of filter paper over the screened backer 
with the rough side up. Secure the gasketed frame onto th 
filter paper. so as to .insure a leak tight seal around the 
edge. Close the weather cover and latch it. Place the 
High Volume Sampler in a corner of the classroom or in the 
hallway. It 'has been acoustically insulated to minimize t 
external noise level. _ , 

04 
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Operate the High Volume S«pler £ol four hour*. Record 
the initial and final flow rates by riading the mano«etef 
with a clean piece of filter paper in place and the unit 
operating. Compare thi. reading to the graph supplied 
with the unit and record the flow rate. Repeat this step 
after the unit has operated for four hours. Use the 
average flow rate in your calculations. 

After sampling for a four hour period remove the filter 
paper, put a new filter in and place, the used piece of paper 
carefully into a desiccator. Wei,gh the piece of filter 
paper after it has been desiccated for several hours to find 
the net gain of collected particulate material. 

Express your results in micrograms of material collected 
per cubic meter of air sampled. 

Sample Calculation : 

A desiccated filter had an initial weight of 5.300 grams. 
After sampling in the High Volume Sampler for four hours, 
it was desiccated and reweighed. The final weight was 
3.600 grams. The initial flow rate was 1.700 liters per 
minute and the final flow rate was 1.300 liters per minute. 
Calculate the concentration of particulate master in the 
sampled atmosphere in micrograms per cubic meter (g/« ) . 




I 

\ 

\ 



final filter weight - initial filter weight - net gain (grifis) 

3,600 gm - 3.300 ga « .300 ga \ 



average flow rate - (1700 1pm - 1300 lp«)/2 - 1500 liters 

per minute 



concentration - ?!!.!*^" particular aatter 

i^average tiow ratej Isampling iimej 

V 

concentration « (-300 gm)CloW^) 

(1500 liter) C IO ( 1 m"^ J CA hr x 60 mini 



min liter lO^cm^ 



hr 



833 yfi 
m 



Comments and Discussion 



P»rticulatt Fallout S—pling 

Background : 

In' addition to pollutant gases, large quantities of finely 
divided particles are emitted into the air daily as a result 
of hunian and natural activities. For purposes of classifi- 
cation, dust can be considered as soil particles, fabric 
fibers (lint), etc., while the term soot is usually defined 
as finely divided carbon particles resulting from improper 
combustion practices. It has been found that the 
particulate matter deposited upon a square foot of urban 
ground surface may well exceed a pound per year; therefore, 
sampling of such ro«terial deposited is related to a major 
urban pollutant. 

A complete analysis of particulate fallout as a result 
of gravitational settling would include a counting and 
sizing of these finely devided samples. In this experiment 
we are inferested in obtaining a relative density of 
particles deposited per unit time and some appreciation of 
the average size of the particles caught. 

Aerosol mist sprays form very small droplets of liquid 
"particles"; however, our experimental procedures will not 
allow a sampling of such liquid particles. 
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Equipwent : 

1, 6-X" X V' gXM* slides 

2« imersion oil 

3. cardboard sheets 

4. single edge razor blades 

5. graph paper 

6 . tape 

7. metric scale (M.M,) 



Procedure ; 

1. Mark your glass slides #1, #2, #3, etc., on the 
frosted end of the slide. 

2. Prepare the glass slide holder from the cardboard 
provided as shown in class. 

3. Place the glass slides in the holders. 

4. Prepare the slides with immersion oil making sure 
that the slide is free of dust by wiping with 
cloth provided. 

5. Place each prepared slide in some convenient location* 
exposed to the environment which you are interested 
in. After three hours remove your sample and cover 

it so that no more particulate material will collect 
upon it. (A convenient method is to stack the slide 
holders one upon another, each one protecting the 
one below it) . 

OS 

*At least 4 feet above ground and not too close to walls. 



6. The following lab period bring your samples in 
for inspection wider the microscope projector. 

7. Project and mark a test area on the graph paper 

indicating the relative size shown. 

8. Place your test slide in the projector and count 
the particles. 

9. Using a suitable scale, attempt to indicate the 
typical particle size. ^ 

Particle Counting Technique : 

1. When counting particles under a projectional 
microscope, count one row of particles from the 
upper left hand corner to the upper right of the 
square. (The technique is similar to the 
operation of a typewriter) . 

2. Index down and move back to the left hand side 
of the square. 

3. Count another row of particles once again moving from 
left to right until you reach the right hand edge of 
the square. 

4. Repeat steps 2 and 3 urtil you have reached the 
bottom line of the square. 

This method of counting particles minimizes counting a 
single particle more than once as well as minimizing the 
number of particles not counted at all. 



Analysis ; 

Analyse your data a provided for in procedure it, and 
assign a number to each slide for its degree of 
"pollutedness" (number 10 being the dirtiest and number 1 
being the cleanest) . Make a map of Long Island and put a 
star on the map where eech slide was positioned (use the 
entire class *s data). Cany any conclusions be drawn about 
any areas or commtinities from this data? Try to correlate 
wind direction with pollution. Is there any known mmjor 
source of pollution in our near your town? Try to 
correlate pollution intensity with the distance from its 
source. The source may be a power generating station, an 
incinerator or an industrial factory. 
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Air Pollution Rtforoncot 



Articles: The Control of Air Pollution 
A. J. Heagen^'Sait 
Scientific American Jan. 1964 

Air Pollution and Public Health 

Walsh McDemott 

Scientific American Oct. 1061 



What Unleaded Gasoline Will Mean 
Harvey Ardnan 

The Anerican Legion Magazine Feb. 1971 

Air Pollution From Motor Vehicles 
Ralph Larsen 

Annal of the N.Y. Acadeay of Sciences 
Aug. 1966, Vol. 136 Art. 12 

How Clean a Car? 

John B. Heywood 

Technology Review June 1971 

Air Pollution Surveillance Systems 
G. Morgan, G. Oyolins, $ £. Tabor 
Science Oct. 1970 

Global Environmental Monitoring 

George Robinson 

technology Review May 1971 

Air Pollution in Perspective 
(Four Part Series) by Edward Rubin 
Technology Tutor 1970-71 

The Global Circulation of Atmospheric Pollutants 
Reginold Newell 

Scientific American Jan. 1971 

Pollution Causes, Costs, Controls 
C a EN June 9, 1969 



MAN'S IMPACT ON BNVIRONMBNT (R«ad«r) , ThoMAf Oetwylir 
McGran-HlU 1971. 

Includes th« Following Articlos: 

Air Conservation and the Kinds of Air Pollutants 
Air Conservation Cowaission 

Sour cos of Air Pollution 
U« S. Departnent of H«B.W, 

itoteorology. of Air Pollution 
Donald Pack 

Geographical Aspects of Air Pollution 
P. Leighton 

Climate of the City 
James Peterson 

The LaPorte Weather Anoraly - Fact or Fiction 
Stanley Changnon 

All Other Factors Being Constant - Theories of 
Global Climatic Changes 
Reid Byrson 

Damage to Forest from Air Pollution 
George Hepting 



Books: 

Air Pollution 
Richard Scorer 

Commonwealth $ International Library of Science, 
Technology, Engineering and Liberal Studies 1968, 

Air and Water Pollution 

Gerald Leinwand 

Washington Square Press 1969 

Cleaning our Bnvirohmen' 
American Chemical Society 1969 
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You and Technology 
Nickander Danaskos 
PMC College 1969 

Technological Injury 
Edited by J. Rose 

Gordon I Breach Science Publishers 

Ecological Crisis 

G. Love and R. Love 

Harcourt, Brace, Jovanovich, Inc. 
New York 1970 

• 

Patient Earth 

John Harte 9 Robert Socolow 
Holt Rinehart ^ Winston, Inc. 
New York 1971 

Protecting Our Environment 
Edited by Grant McClellan 

H. W. Wilson Co. 
New York 1970 

Our World in Peril: An Environmental Review 
Edited by S. Novick and D. Cottrell 
Fawcett Publications, Inc. 
Greenwich, Conn. 1971 



The Following paperback will be used as a reader dui ing 
1971-72 academic year. 

Our World in Peril: An Environmental Review 
Edited by S. Novick S D. Cottrell 
Fawcett Publications. 



Table of Contents includes the following articles cn 
air pollution: 

Tar.dr*£, the Weather by Frederick SarRtnt , *1. 

The Wind from Dugway, by V. Biodine, F, Uaspar, 
and A. J. Pallmann. Sheep-kill. 



•Mor« L«tt«rs in thm Wind by R. Ris«brough and 

V. Brodine. PCB. 

The Tailpipe Problen by John Macinko. 

Not a Question of Sixe by W. X. Craig. Pollutants 
from Automobile Bxha,ust. . 

Asbestos by I. J. Selikoff. 

On Breathing Sulfur Dioxide by Carol Collier. 

Those Airborne Chemicals by J. G. Meyer 

Leaf Burning: An Economic Case Study by 
R. E. Kohn. 

The Windup Car by Kuft Hohenemser and J. McCaull. 
Flywheel power. 



Reports: 

A Total Exhaust Emission Control System 

E. N. Cantwell (Sept. 1970) 

c/o Petroleum Laboratory 

E. I. duPont de Nemours Q Co. (Inc.) 

Wilmington, Delaware 

Approaching the Clean Air 

The City of New York, Department of Air Resources 
51 Astor Place « ♦ 
New York, NY 10003 (Jan. 1969) 

Air Pollution Control in Nassau County 
Bureau of Air Pollution Control 
Nassau County Department of Health 
240 Old Country Road 
Mineola. NY 11501 

Air Pollutants from Internal Combustion Engines 

by R.W. Hum (AIAA Paper) 

Technical Information Service 

750 Third Ave. 

New York, NY 10017 

Determining Air Pollutant Emissions from Transportation 

Systems by J. A. Kurtzweg § D. W. Weig 

U. S. Department of Health, Education § Welfare 

Public Health Service . . 

National Air Pollution Control .Administration 

411 West Chapel Hxll Street t)4 
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Air Pollution Injury to V<igetation ^ 

U.S. Department of H.B.W, 

Pi^blic Health Service 

Environmental Health Service 

National Air Pollution Control Administration 

Aaleigh, North Ca^rolina 

Progress in the Prevention and Control of Air Pollution 
3rd Report of Sec, of H.B.W, to Congress 
March 1970 

U.S. Government Printing Office 
Superintendent of Documents ^ 
Washington, D.C. 20402 

A Guide to the Selection of Air Pollution / 
Control Equipment by J. P. Tomany 
U 0 P Air Correction Division 
Tokeneke Road 
Darien, Conn. 06820 



Laboratory References: 

An Atmosphere in Crisis 
Educational Modules Inc. 
(Wards Catalog) 1970 

Scientific Experiments in Environmental Pollution 

by E. C. Weaver 

Holt, Rinehart § Winston, Inc. 

New York 1968 

Eduquip Air Pollution Study Program Manual 

Eduquip Inc. 

1220 Adams St. 

Boston, Massachusetts 02124 

Air Pollution (paperback) 
Addison Wesley Publishing Co. 
Reading, Massachusetts 



Films on Air Polltttlon 



(A) Source: Nat&oiiAl Medical Audiovisual Contor 

St#tlon Ki 

AtUnt.a».<ieorgia 30324 

/ 

I" • 

I • ■ ■ 

/ 

1. The Poiaoned Air (CBS Doctuientary) „ * 

m ninutea/eolor/no ordar no. M-1418-X. 

2. AiT of Disaster (NBC Docwientary) 

'50 minutes/color/no fee/order no. M*1419-X. 

General Survey of National Problem. 

(B) Source: McGraw-Hill Film Rental Office 

3r)0 W 42 St. 

New York, NY 10036 
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1. Air Pollutlon:Take A Deadly Breath (ABC Documentary) 
— ^ 54 min/color/|40 renUi/Cbde No. 656125, 

Parts I, II, III. 

General Survey of National Problem. 

2. Autos and All That Traffic 

25 min/color/$lfl rental/Code No. 648019 / 

All Aspects included with air pollution effects / 
as well as new engines being developed to / 
meet the Issue. ^ z 

3. The First Mile Up ^ . . 

28 min/black 9 white/$14 rental/Code No. 673320 

Detroit River Regional Approa^. to the 
problem of air pollution. ^ 

(c) Source: Florida State University 

Media Center 

Tallahassee, Florida 32306 

1. Beware The Wind 

22 min/color $7 rental 

Shows sources of air pollution| effects on 
human plants and property; available technology 
is illustrated. 

2, Problems of Conservation-Air 

' 15 min/color/rentai i^*9S 

Impact of industrial revolution im accelerating 
air pollution concentrations is highlighted. 
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(d) Sour.ce: Tuberculosis - Respiratory Disease Assoc. ' 

of Nassau- Suffolk » Inc. 
1432 Old Northern Boulevard 
Roslyn, NY 11576 

1. Battle to Breathe 

' 25 mn/coior/free 

Three actual case histories of emphysema 
are Illustrated. 

2. Human Body - The Reiplratory System 

13 1/2 mm/coior/^ree 

film locates and describes respiratory 

system organs. 

3. Life and Breath 

~"i iS min/color/fre« 

Detection, examination and treatment of 
emphysema is illustrated. 

4. The Runaround 

.17 1/2 min/ color/ free 

Saterical tale of seeking out the source of air 
pollution climaked by a plea from 
Senator Muskie. 



5, Anatomy of a Disease 

15 min/color/free 



Clinical experiences explaining 
tuberculosis. 
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PREFACE 



The following materi«*l rejopaai^s the grave magnitude of the 
solid waste, problem in the United States and the current efforts 

to deal with the problem of solid waste disposal as of the time 

V , , 

tht material was collected. It should provide the factual 

background material necessary for any general discussion of the 
problem. 

It should be recognized that with the passage of time, the 
magnitude of the problem will increase and, therefore, the efforts 
to deal with it will and should change. Many of the efforts 
re/iewed in this report are in an experimental state. Some will 
prove promising and will be expanded, others will prove 
unsuccessful and will be discarded. 
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OBJECTIVES 

A. TO familiarize the student wich the growing magnitude and , 
changing nature. of the solid waste generation problem. 

B. TO familiarize the student with the various disposal 
methods, their limitations and the current effort to 
develop improved methods. 

C. To emphasize to the student the current non-use of 
satisfactory techniques that are available and the dir^ 
need for a systematic effort for improvement by all levels 
of government and for an informed citizenry. 

BACKGROUND 

A, Solid Waste Generation (References 1,2) 
1. Generators 

An estimated 900 million pounds of solid wastes of all 
types are produced in the United States every day. 
What to do with these solid wastes, how to dispose of 
them without needlessly endangering public health and 
welfare, and how to recover and reuse valuable materials 
now ♦•thrown away" are among the most challenging and 
perplexing of current national problems. 

Solid wastes are being generated on an industrial- 
socisty scale but are being disposed of by methods 
from the horse-and-^buggy days. Although some $3 
billion of public money are spent annually in the 



tlnit«a it«t«e to eollMt and 4litpoit oil solid Viitoi 

tha collection and diipoial practicaa in common uaago 
ara but littla impro/ad ovor thoaa a quar tar century 
ago. Much of tha blama must ba attributed to tha vary 
nature and origin of the problemt Waate diapoaal 
haa historically been relegated to the loweat levels 
of responsihlility. Thus, a major effort must be 
directed toward applying the technology now available 
and finding better ways to dispose of solid wastes. 
Above all, the techniques of system analysis must be 
applied. We should be spending at least $100 million 
a year on research toward better methods, yet we are 
currently spending less than $5 million nationally. 

In addition to the increasing total, the composition 
of solid waste is changing. The biggest increase is 
in low density combustible rubbish, primarily paper 
and plastic. Small reductions are continuing to occur 
in the heavier refuse classes of garbage and ashes. 
Moisture content is decreasing. This has a direct 
bearing on disposal methods; some method of volume 
reduction must be used to conserve land areas for long 
term refuse disposal. 
Definition of Waste 

One of the first and most perplexing problems confronting 

2 
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a tttfweeiMir to th« fltld of x^t^i— colUction and 
dUpoMl i» the vQcabulary of tftt flsld. It i« common 
for a city of uae on© of tha many lynonymi auch as 
•garbaga," "rubbiah," or "rafuaa,* to maan all the 
matarlala it collact* and diipoi^a of. Adding to the 
wrtfttaion in terminology i» tha wide variation in 
refuae collection practices of different cities. It 
appears essential, therefore, to define the words and 
terms used to identify different claases of refuse and 
to state what materials make up each class. 
Wastes 

The word waate refers to useless, unused, or dis- 
carded materials. Waste includes solids, liquids, 
and gases. The gases are principally industrial 
fumes and smoke? the liquids consist mainly of sewage 
and the fluid part of industrial wastes; the solids 
are classified as refuse. It is difficult to 
classify municipal wastes or to itate absolutely the 
kinds of material that consitute the part called 
refuse. Part of the solid waste material produced 
in a city, particularly particles of garbage and 
rubbish, finds its way to the sewers and is disposed 
of with the liq'iid Sewage wastes. Some semiliquid 
food wastes are collected as refuse. 



solid Wa«t« I \|if 

The term refuse refers to solid waste and the two 
are used more less synonymously. Because solid 
waste is some^^hat more descriptive and therefore 
less subject t<i misinterpretation it is being used 
more and is suijplanting the term refuse. 
Garbage, Rubbish; Trash, Litter, Junkt 

Garbage is food waste that will decompose. Rubbish 
and trash inci^ude combustibles such as paper, wood, 
. yard trimmings, and boxes, and noncombustibles such 
as metal, glass and dirt. Litter is any piece of 
discarded ^blid waste which is exposed and uncontrolled. 
Junk refe/s to anything currently valueless. 
3. Classification of Solid Waste 

The components of solid waste can be classified in 
several different ways. The point of origin is important 
in solving some problems, so that classifying as 
domestic, institutional, commercial, industrial, street, 
demolition, or construction is useful. For other 
problems, the point of origin is not as important as 
the nature of the material, and classification may 
be' made on the basis of organic or inorganic, combustible 
or non-combustible, putrescible or nonputrescible. One 
of the most useful classifications is based on the kinds 
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Of «at«rial«t garbage, rubbiah, aih««» street refuse, 
dead animals, abandoned automobiles, and hazardous 
and special waste. Table 1 groups solid waste 
materials by kind and composition and indicates in a 
general way the source. 

a. Residential Waste contains a great variety of 
manufactured and natural products discarded by 
households. Accurate data about the composition 
of residential wastes are not available. However, 
the following is an estimated yearly average^ 
composition and percentage breakdown, by weight, 
(Reference 2) 

Table 2 

COMPOSITION OF RESIDENTIAL WASTES 

Type 

Paper 
' Food 

Glass and Ceramic 
Metallic 
Plants and Grass 
Plastic 

Furniture and Boxes 
Construction 
Textiles 

Dirt and Vacuum Cleaner Catch 
Rubber 
Leather 

Household and Garden Chemicals 
Paints, Oils, and Varnishes 
Miscellaneous 

57 a 



Weight-Percentage 
of Total Wastes 

60.0% 
8.5 
8.0 
8.0 
6.5 
3.5 
1.5 
1.0 
0.5 
0.5 
0.4 
0.4 
0.4 
0.3 
0.5 
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TABLE I 
GENERAL CUSSIFICATION OF 



Garbage 


Wastes from the preparation, cooxin|, and servini 
of food 

Market refuse, waste from the handling, storage, 
and sale of produce and meats 


« 

From 
households, 
institutions, 
and commercial 
concerns such 
as: 

hotels, 
stores, 
restaurants, 
markets, etc. 


Rubbish 


Combustible 

(primarily 

organic) 


Paper, cardboard, cartons 
Wood, boxes, excelsior 
Plastics 

Rags, cloth, bedding 

Leather, rubber 

Grass, leaves, yard trimmings 


Noncombustible 

(primarily 

inorganic) 


Metals, tin cans, metal foils 
Dirt 

Stones, bricks, ceramics, 

crockery 
Glass, bottles 
Other mineral refuse 


"^shes 


Residue from fines used for cooking and for heat- 
ing buildings, cinders 


Bulky 
wastes 


Large auto parts, tires 

Stoves, refrigerators, other targe appliances 

Furniture, large crates 

Trees, branches, palm fronds, stumps, flotage 


From 
streets, 

alleys, 

vacant lots, etc. 


Street 
refuse 


Street sweepings, dirt 
Leaves 

Catch basin dirt 

Contents of litter receptacles 


Dead 
animals 


Smalt animals: cats, dogs, poultry, etc. 
Large animals-, horses, cows, etc. 


Abandoned 
vehicles 


Automobiles, trucks 


Construction 
& demolition 
wastes 


Lumber, roofing, and sheathing scraps 
Rubble, broken concrete, plaster, etc. 
Conduit, pipe, wire, insulation, etc. 


Industrial 
refuse 


Solid wastes resulting from industrial processes 
and manufacturing operations, such as food- 
processing wastes, boiler house cinders, wood, 
plastic, and metal scraps and shavings, etc. 


From 
factories, 
power plants, 
etc. 


Special 
wastes 


Hazardous wastes-, pathtogicat wastes, explosives, 

radioactive materials 
Security wastes: confidential documents, negotiable 

papers, etc. 


Households, 
hospitals, 
institutions, 
stores, 
industry, etc. 


Animal and 
agricultural 
wastes 


Manures, crop residues 


Farms, 
feed lots 


Sewage 

treatment 

residues 


Coarse screenings, grit, septic tank sludge, de- 
watered sludge 


Sewage treat- 
ment plants, 
septic tanks 



Source: Adapted from American Public Works Association, Re/use 
Collection Practice, 1966, p. 15. 



It ahould be amphaaized. that the values given are 
only eBtimatea and that compoeition vary with 
region, climate, and s#a8on. 

Municipal Waste generally is composed of the same 
type of material as residential waste. However, 
these wastes contain an appreciably higher amount 
of oversized items such as abandoned cars, wooden 
logs, and unusual wastes such as dead animals. 
They also might include incinerator ashes, sludge 
from sewage treatment plants and dirt from street 
sweepings. Loads of wastes collected from parks 
sometimes contain garden wastes exclusively. 
Commercial Wastes originate mainly in offices, 
stores, theaters, markets, etc. They usually 
contain large amounts of packaging material and 
food discards. (Hospitals and clinics also discard 
these types of wastes, however, they also generate 
hazardous chemical and pathological wastes which 
can generate health hazards.) 

industrial Solid Waste includes a large variety of 
organic and inorganic wastes. A brief description 
of specific waste types associated with a few 
iiiu'.-'stries are given below. (Reference 2) 



INDUSTRIAL WASTES 



Industry 
Paper 

Fruit and; Vegetable 



Meat and Poultry 
Dairy 

Glass and Ceramics 

Metallurgical 

Heavy metals 
Plastics 

Textiles 

Construction 

Chemical 



Lumber and Furniture 



Waste Tvpee 

Sawdust, dust from rag stock, 
lime sludge, black carbon 
residue, paper rejects. 

Scr^ips of fruit and vegetable, 
seeds, cobs, oils, processing 
chemicals 

Flesh, entrails, hair, 
feathers, fat, bones, blood, 
grease 

Butter fat, milk solids, ash, 
acids, discarded mile and 
cheese ^ 

Broken cersunics, glass, 
sludges, dust, chemical, 
abrasives 

Emulsified cleaners, machine 
oils, oily sludge, borings 
and trimmings, toxic chemicals 

Slag, metallic dust 

Scraps from mouldings and 
extrusion, rejects, chemicals 

Textile fibers, rags, 
processing chemicals,' 
detergents 

Sand, cement, brick, masonry, 
metal, ceramics, plastic, 
glass 

Organic and inorganic chemicals 
reiects of synthetic products, 
also can contain toxic, 
explosive, and radioactive 
waste 

Sawdust, woodchips, abrasives, 
oily rags, upholstery materials 
paints, varnishes, wood scraps 
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0. Agricultural Waat©a in addxtion to products similar 
to municipal wastes contain larga proportions of 
organic wastes from field and seed crops, vegetable 
crops and prunings. They also contain manure, and 
dead animals. 

Composition 

The composition of wastes and, therefore, the type source 
has a great effect on satisfactory collection. and 
disposal. techniques. Table 4 indicates average solid 
waste collected in the U.S.A. Agricultural wastes are 
excluded and municipal wastes are divided into (J) 
demolition and construction and (2) street and alley 
(Reference 3) 

Table 4 

AVERAGE SOLID WASTE COLLECTED, POUNDS PER PERSON PER DAY 



Solid Waste 

Household 

Commercial 

Combined 

Industrial 

Demolition and Cc 

Street and Alley 

Miscellaneous 



Urban 


Rural 


National 


1.26 


0.72 


1.12 


0.46 


0.11 


0.38 


2.63 


2.60 


2.63 


0.65 


0.37 


0.59 


0.23 


0.02 


0.18 


0.11 


■ 0.03 


0.09 


0.38 


0.08 . 


0.31 


5.72 


3.93 " 


5.32 



Table 5 gives both the physical and chemical composition 
for combined household, commercial and municipal waste 
collected as reported by one investigator. (Reference 4) 
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SAMPLE COMBINED REFUSE COMPOSITION - U.S. EAST COAST 

weight Percent / 

Phvical 

Cardboard 
Newspaper 

Miscellaneous Paper 
Plastic Film 
Leather, Molded 

Plastics, Rubber 
Garbage 

Grass and Dirt 
Textiles 

wood ■ 
Glass, Ceramics, Stones 10 
Metal lies 





, Chemical 




7% 




Aw • V/O 


14 


Carbon 




25 


Hyarogen 




2 


Oxygen 


21.1 




Nitrogen 


0.5 


2 


Sulfur 


0.1 


12 


Glas'v Ceramics, etc. 


9.3 


10 


Metals 


7.2 


3 


Ash', other inerts 


5.5 


7 






10 


» 




8 






100% 




100.0% 



a. Increasing Plastic content in Total Cqn^osition 
The dramatic increase in the volume of domestic 
refuse is, to a significant extent, caused by an 
• increase in packaging waste. This volume would 
be even larger and the weight would be considerably 
greater if plastics had"" not replaced a portion 
of the glass during the past several years. Even 
so, the current percentage* by weight of plastic 
wastes collected is less than 2% and is not expected 

to exceed 3% by 1980. 

The increasing amount of plastic wastes, 
coupled with the decreasing amount of .ashes 
resulting from the decreasing dependence of private 

10 
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housing on solid fuel, result in the decreased 
Btu coJ^tent of solid waste and require properly ^ 



designed and operated modern incinerators to 
provide suitable incineration. In addition, 
evidence is rapidly accumulating that a significant 
portion of the theoretical hydrochloric acid 
formed in the oxidation of polyvinyl chloride 
polymers (pvc) does not appear in the gases at 
the top of the stacH and thus is not a serious 
air pollution hazard. . 



plastiq,'wastes in sanitary landfillj;>r compost 
operations, especially when properly comminuted, 
act as inert materials having no long-term adverse 
effects. 
Disposal Techniques 
1. Objective 

The aim of solid waste disposal processes is to 
reduce primarily the volume and secondarily the weight 
S of refuse, so that it can be disposed of more 

readily, and to convert it to a less offensive form. 
Currently about 90% of the wastes go to some 12, ©CO 
land disposal sit^s, of which only about 6% are 
considered adequate sanitary landfills. About 8% is 
disposed of in some 300 municipal incinerators, of 




which only about 30% have adequate air pollution 
controls. The remaining} 2?6 i« diaposed of by hog 
feeding, compos ting# etc. 

The selection of best- methods of refuse disposal 
is of utmost importance. Systematic consideration 
must be given to many factors and a number of questions 
answered before a decision can be madet (Reference 5) 

1. What methods are technically feasible, and what 
are the limitations of e^ch? 

2. Do local condit3.G..s males some methods particularly 
suitable or unsuitable? 

3. What factors, such as good public health features 
ac fewer potential nuisances, favor one method 
over another?" 

^ 4. Will weather, mechanical failure, or other 

circumstances interrupt procedures and with what 
results? 

5. What are the costs of the various methods; how do 
they vary and with what factors? 

6. What effect do collection procedures have on cost 
of disposal ? 

7. What effect will the disposal method have on the 
cost of collecting? 

8. What methods can be adapated economically to 
changing conditions? 

9. Will salvage or reclamation pay part of the 
disposal cost? 

10. What elements in each method are likely to gain 
public support or meet with antagonism? 
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Techniques in Use 

a. Sanitary Landfills (References 5,6,7,8,9) 

(1) General description of sanitary landfill 
A sanitary landfill- has been defined by the 
Committee on Sanitary Landfill Practice of 
the Sanitary Engineering Division of Civil 
Engineers as ''A method of disposing of 
refuse on land without creating nuisances 
or hazards to public health or safety, by 
utilizing the principles of engineering to 
confine the refuse to the smallest practical 
volume, and cover it with a layer of earth 
at the conclusion of euch day's operation 
or at such frequent intervals as may be 

necessary." 

Planning and operation of sanitary 
landfill must include provisions for control 
of water pollution, control or odor and 
nuisance, and elimination o^ disease carrying 
vectors. 

Roughly, one acre of land with a 15 
foot compacted lift of solx^ mste will 
accommodate a population of 10,000 for a year. 
If additional lifts can be placed ov^r the 
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Initial lift, the land area requirement Will 
e reduced* 

« 

Methoda 

prevailing methods of sanitary landfill 
construction are generally divided into 
three categories which are described briefly 
as follows! 

(a) The trench method. Figure la, is usually 
employed where flat or gently sloping land 
is the only marginal land available for 
solid waste disposal. The method is 
particularly suited to terrain which can 
be trenched with conventional earthmoving 
equipment and is baaed on the use of 
parallel excavated trenches. Starting at 
one edge of the land parcel, refuse is 
dumped into the first trench from its nearest 
side. At the end of each day's dumping, 
spreading and compacting,, the refuse is 
covered with earth excavated from a second 
trench on the far side of the dumping edge. 
The completed area is given a heavy earth 
cover while the working face is given a light 
c|Losing cover. When completed, the landfill 
14 
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a) Trench Method 





consist of a series of long, narrow refuse 
cells in parallel rows. The finished grade 
will usually be higher in elevation than the 
original ground surface, 

(b) The area method. Figure lb, is usually 
employed in low-lying areas such as tidelands, 
marshes, or swamps and where land depressions 
such as abandoned quarries, rav.ines, or 
canyons are available, 'In tideland applications 
the site is usually inclosed with a dike. 
Refuse is dumped on the existing ground 
surface, spread in horizontal layers, and 
compacted. At the end of each day*s work the 
surface is covered as needed with earth 
excavated from the area directly in front 

of the working face. . If excavation is not 
possible the fill is covered with imported 
cover materials. 

(c) The ramp method. Figure Ic, is used 
exclusively in filling natural or man-jnade 
depressions, such as deep ravines, canyons, or 
quarries. In this method, refuse is deposited 
and spread in layers on an angle against the 
side of the ravine to a predetermined height. 



This height can •a^end 40 to 50 faat or 
higher. Cover/ioiX ii placed on the elope 

sides and Xbp at regular intervals. In 
this ojperation the collection vehicles 
deposit their refuse at the base of the 
working face of the fill; cover is obtained 
from a point just ahead of the face. 

Sanitary landfilling employs a wide 
variety of earth moving equipment. The 
principal types 'in general use are wheeled 
tractor bulldosers, crawler or track type 
tractor bulldozers, crawler tractors with 
bull clam or a front end loader, earring 
scrapers, and cranes with draglines of other 
such equipment, specialized wheeled tractor 
compactor bulldozers equipped with special 
type compactor wheels and refuse spreading 
blades are also 'kjeing used'. 
Hazards 

There are several problems that can arise 
at sanitary landfill sites. The most 
significant include the following: 
(a) Wc»:er Pollution 

A principal hazard of sanitary landfill 



di«potaX in thm pojiiibiXity of fluida 
laaching from th* fill and poXluting the 
atrearoa or ground watai. Such proWaroa 
can ba pravantad, or minimizad, by propar 
sita aalaction and by conatructing tha 
fill in auch a mannar ,that it doaa not 
becoma aaturatad, Thia can b# accompliahed 
by filling all apaca balow maximum 
ground water level with inert material, 
providing an impervious dike around the 
fill to exclude flood waters or surface 
drainage from adjacent higher ground, and 
covering and grading the top of the 
fill to drain oft much of the precipitation 
which falls on its surface. 

Besides the prbblem of ground water 
pollution, filling of swamps and flood 
I plain lands can have an adverse effect 
upon flood conditions. Also, the filling 
of natural land depressions may have an 
adverse effect on precipitation collection 
and entry into the ground water supply. 
)) Gases 

Biological decomposition of refuse in a 



sanitary landfill' produce gaaes of which 
the three major components are carbon 
dioxide, methane, and nitrogen. Of 
the combustible gases, methane is the 
major constituent and hydrogen, when 
present, is minor in quantity. Whereas 
gas emission from the surface of sanitary 
landfills is not uncommon and this 
phenomenon is wall known, travel of gases, 
particularly combustible gases, from 
landfills into adjaceni; ground is of 
newer concern. A recent study (Reference 
5) has shown that these gases can move 
laterally significant distances from 
landfills into adjacent soils. If the 
gas is allowed to diffuse freely into 
an open space, where it is readily * 
diluted by air, the surface concentration 
decreases to practically zero. However, 
if methane is trapped in a confined space, 
the concentration will build up to an 
inflammable level. Gas disposal techniques 
should be designed to eliminate problems 
associated with generation in the fill. 



ImplMMintatlon of both a barritr and 
vantlng systam ahottld procaad with tha 
filling oparation. 

(c) rliaa and Rodanta 

■J 

Fly and rodant control if a problam in 
any landfill oparation. Fly control ia 
baat accompli ahad by uaing a covar 
matarial with a bindar which ia wall 
cotnpactad. A wall compact ad covar of 
2 5/8 inchaa pravanta fly amargenco. 
With an uncompacted aarth fill of 5-foot 
thickneaa, 9096 fly amarganca haa baen 
noted. Covering the refuse every Aight 
eliminates the attraction of rodents, 
(d) Fires 

Landfill fires also present significant 
control problems and require proper 
supervision of personnel and dunging 
procedures. Minimum fill area should 
be open at any one time. Watering down 
refuse tends to redia-ce possibility of 
fire while at the same time aiding 
compacting. 
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(e) Dacomposltlon 

Tho rate of decomposition or organic 
matter in sanitary landfills is affected 
by moisture, , soil mixture, depth of f illr 
type of soil, aeration and temperature. 

< 

Different^l settlement of the surface 
of completed sanitary landfills presents 
a serious problem in tl)e design of surface 
and subsurface structures and, thereby, 
greatly inhibits the use of the completed 
site, settlement estimates and methods 
of control must be utilized; 

Land uses of completed sites are 
affected by both gases cuid differential 
settlement. Therefore, land uses tend 
to be athletic fields, gardens, golf 
courses, parks parking lots, playgrounds, 
or other such uses. Buildings would 
provide traps for methane and thus allow 
concentration to reach inflammable levels. 
Site Classification 

The general classes of disposal sites have 
been established based on a consideration 
of the geology, hydrology, topography, and 
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natur« of th« watt«t. , 
(a) CXaaa I Disposal Sita 

No limitation a* to aithar solid of 



liquid wastas. Sitas loeatad on non-watar 
baaring rocks or undarlaid by isplatad 
bodias of unusabla ground watar, which 
ara protactad from surfaoa runoff and > 
whare surfaea drainaga can ba rastrictad 
to tha sita or dischargad to a tuitabla 
wastaway, and whara safe limitations^ ^ 
exist with raspact to the potential 
radius of percolation* 
(b) Class II Disposal Site 

Limited to ordinary household and 
commercial— refuse of the nature indicated 




be lows 



Empty tin cans 



Metals 



Paper and paper products 



Cloth and clothing 



Wood and wood products 



Lawnclippings, sod, and shrubbery 



Haxr« hide« and bones 



Small dead animals 



Roofing paper and tar paper 
Unquenched ashes mixed with refuse ' 
Market refuse 
Garbage ^ ^ ' 

All materials acceptable at Class III 
Disposal Sites 

/ 

Sites underlain Jjy usable, confined, or 

\J O 

free ground water when the minimum » 

elevation of the fill can be maintained 

above anticipated high ground water 

elevation, and which are protected from 

- i*» 

surface runoff and where surface drainage 
can be restricted to the site or 
discharged to a suitable wa&teway. 
(c) Class III Disposal Sites 

Limited to nonwater soluble, nonde- 

I 

composabla inert solids of the r,\ture 
indicated be lows • . 

Earth, rock, gravel, and concrete 
Asphalt paving fragments 
Glass 

Plaster and plaster board 
Manufactured rubber products 



Stmml mill iXag ' \ . 
' -CltkY and cXay igroductd 
Asbostos sHlnglaa 

Sites so Ipcatad as to afford llttXa or 

no protection to usable waters. 

* . 

Reference 5 covers sanitaity landfills 
in general and the county of Los Angeles 
operation particularly in some detail* 
This report gives considerable data on 
; twelve different sanitary landfill sites 
' in Los Angeles. 
Rail Transport"^ of Solid Waste (Reference 2) 
(1) Why Rail Haul ^ 

Rail ^transport is treated next because it is in 

u 

effect an extension of sanitary landfill. The 
aev^riil systems shown in Table 6 all terminate 
with sanitary landfill. The reason for this 
is tha^ the cost of incineration per ton of 
combustible wates is estimated 'to range from 
$5.00. to $7.00 per ton for new installations 

I 
I 
\ 

using! the mo^t up to date technologies. In 
contrast the average cost of sanitary landfilling 
is re|5orted to range from $0.50 to $2.00 per ton. 
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System 
/ Nuiriber 



Position and Number of Major Systems Building Block 



II 



III 



IV 



V 



Local 
Collection 

Local . ! f 
Collecfci'on 

( 

Local ^ f 
Collection 

Local 
Collection 

Local 
Collection 



Transfer 
Station 

Inciner- 
ation 

Transfer 
Station 

Com~ 
posting 

Transfer 
Stat ion 



Rail \Haul 



Transfer 
Station 

Rail Haul 



Transfer 
Station 

Rail Haul 



Sanitary 
Landfill 

Rail Haul 



Inciner- 
ation 

Rail 
Haul 

Composting 



Sanitary 
Landfill 

Sanitary 
Landfill 

Sanitary \^ 
^Landfill 

Sanitary 
Landfill 



TABLE 6. Major Alternatives for the Position of Rail Haul as an 
Integral Part of Waste Disposal vSystems. (Reference 1) 



ERIC 



Rail-haul .ihould b« viawtd In light of tha fact 
that collection and transportation ifl often 
estimated to account for about two-thirds or 
three-fourthfi of the total solid waste disposa^, 
bill. Also, this disposal problem is especially 
acute in the densely settled urban areas of the 
northeast. This area contains an extensive rail 
network as well as suitable potential mass 
disposal sites. 

All currently used disposal methods require 
at least some iQJb for the ultimate disposition 
of the wastes or the waste residue. However, in 
urban areas land is not only in short supply, it 
is also in strong demand for more attractive or 
productive use. In competing for the decreasing 
amount of land, solid waste disposal often is 
left the loser. As a result, more and more waste 
needs to be taken out of the immediate areas 
where it originates. Thus transportation is 
becoming an increasing requirement in the 
development of solid waste management systems. 
Once "out-of-town" disposal is considered, 
"logional" and "super-regional" systems must be 
investigated. The logic of this situation implies. 



specifically, that long distance transport must 
be evaluated along with volume reduction to an 
ever increasing degre«*. Railroads are a prime 
example of the low cost, high tonnage, and 
ubiquitous transportation that should be investigated 
carefully with, respect to such long distance 
transport . 
(2) Benefits 

A feasibility study of rail transport of solid 
waste has been sponsored by tae HEW Bureau of 
Solid Waste Management. As discussed in an 
interim report (Reference 2) , the benefits 
potentially achievable through a solid waste 
rail-haul system, appear to be as follows: 
(a) A strong possibility of low d i.rect waste 

disposal cost. Currently, it is ca3culated, 
that solid waste rail-haul will cost about 
$4.00 to $4.50 per ton F.O.B. transfer station 
(i.e. not including the cost of local 
collection). These costs, including investment 
and operation, breaV. down as follows: Transfer 
station, about v^il.OO to $1.50 per tony rail 
haul, about $2.00 per ton? and disposal, about 
$1.00 per ton. 




(b) A c)]i«n9« «JP«* in*««qtt*t« »tthod« of diipotml 

to desirable methods and a reduction of air 
and water pollution as well as other 
environmental health hazards. Solid waste 
rail-haul does not contribute to air pollution 
in any significant degree. The extreme 
flexibility in the location of the disposal 
site allows a wide choice among sites according 
to their geological suitability. The cost 
per ton to provide proper protection against 
water " pollution, when soil conditions r.«jquire 
such action, are not expected to be prohibitive 
because of the size of the disposal operation. 
Finally the necessary dust, noise and odor- 
controls appear to be achievable conventionally 
and economically, 
(c) A better utilization of existing rail 

installations in urban, as well as rural areas. 
Solid waste rail-haul appears capable of 
developing a considerable amount of new 
business for the nation's railroads, As a 
matter of fact, solid waste transport might 
evolve into a position ranking it among the 
largest rail shipment categories. 
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(d) A capability for land reclamation and the 
conversion of worthless mining or other land 
into an active resource. Solid waste rail- 
haul is capable of performing land reclamation 
without any cost to the respective property 
owners. In addition, results can be 
demonstrated fast because of the refuse 
quantities involved. «♦ 

(e) The establishment of an effective and reliable 
solid waste disposal system. Rail transport 
of solid wastes appears capable of providing 

a key link for a relatively complete system 

« 

of disposal. It tends to require proven 
system elements and is able to funtion 
regardless of tha usual changes in weather. 
Also, it appears to be relatively immune to 
damages occurring in some part of the system 
and will ensure, as a rule, a speedy method 
of removing solid wastes from high density urban 
areas. 

(f) A potential for widespread application. 
Although total system configuration and 
implementation might be quite large, solid 
waste rail-haul appears capable of handling 
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Imrgt* at w«U «• Miall* individual input , 
load* without an undue aacrifice of effectiveness 
Most likely, many coinmunities over the entire 
geographic range of the United States and 
Canada can participate in the system that 
might be developed on a regional, super-regional, 
state,, and/or interstate basis. 

(g) A high degree of flexibility with respect to 
work- load. Solid waste rail- haul can 
accommodate gradual as well as sudden increases 
in the total, as well as in the local, workload 
while requiring only relatively small 
adaptations in the capacity of the system 
installation. Conversely, system cost can be 
cut back drastically if the workload decreases. 

(h) Attractive implementation opportunities. 
Concerning the individual system elements, 
the experience in other fields of industrial/ 
commercial endeavor indicates that the system 

1. is safe to operate 

2. can be implemented rather rapidly, i.e. 
within twelve months, and 

3. offers potential users many options for the 
organization of the effort. 



♦ V 

I • 

Solid waste rail-haul implies sanitary landfill . 
as the means of disposal. No existing landfill 
is as large as the one which might become realistic 
in a solid waste rail-haul system. The largest 

» 

system actually operated disposes of 8000 tons of 
refuse per day (Fresh Kills', Staten Island, NYC) . 
In contrast, network analysis suggests that, for 
solid waste rail haul, a site should be capable of 
handling on the order of 30,000 tons of solid wastes 
per day. 
Disposal Sites 

Potentially, a variety of landfill sites mi^ht be 

''-I 

used. By type, the folj.owing alternatives can be 
identified: 

(a) Sites commonly used in existing landfills. Solid 
waste rail- haul landfilling differs from existing 
methods primarily because of the scale of 
operations. It appears feasible to continue 

the use of the presently used methods with some 
modifications. Due to the kind of equipment 
applied, a trench, for example, might be 100 
to 200 feet wide and 50 to 100 feet deep. 

(b) Pits and Quarries. Pits and quarries exist 
almost universally but do not appear to lend 




themselves well to rail-haul solid %mste 
disposal. AS a general rule, they do not have 
the needed , capacity^. J^^ 

sufficient amount of inexpensive cover material. 
However, the effective capacity of pits and 
quarries might be increased substantially by 
the use of highly compacted refuse. Also, the 
soil used for intermediate cover may, perhaps, 
be substituted by man-made materials such as 
ure thane foams of asphalt based substances. 
These materials can be fabricated to be porous 
or non-porous, elastic or rigid, and fire 
resistant as well as insect and rodent repellant. 
Indications are given that some of these 
materials may be put in place at a cost from 
one to five cents per square foot, 
(c) Open pit mines. Open pit mines are very large 
but few in number. Examples include the iron 
ore mines in Minnesota and the copper mines in 
Utah or other states at the same longitude. These 
mines would probably be adequate for the disposal 
of solid waste in these :*reas, but are not 
ordinarily available. The current rate of 
technological advance tends to extend the life 



of a mine by making i.t economical to mine lower ' 

grade ores. As a result* mine ovmers are 

- — ^ 

reluctant to forego this often very profitable 

opportunity by having their pits filled with 

feolid wastes. ' ' * ' 

(d) Scrub land. Scrub land exists to some extent 
'in every state and province and appears to be 

a useful type of disposal site. However, scrub 
land is inoffensive and does n<>t impel people 
to /try to reclaim it. Consequently it is not 
likely to be used. Use of ai^y given site would 
depend on accessibility, on remote location, 
and on local soil and water conditions. 

(e) Marshes. A careful distinction must be made in 
the case of marshes, as a matter of conservation, 
one cannot arbitrarily seize on marshes for 
landfill sites. Some marshes are wildlife 
refuges or in tidal areas have an important 
bearing on aquatic life and the fishing industries 
Yet, there are marshes which have no such values 
and might be suitable sites. As in all other 
cases, but specifically here, the site selection 
must take into account the potential for water 
pollution, flood damage and the like, a number 
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of good exajnpl«« do *xlit Wh«r# marther have • • 

♦ * 

been used for landfill with highly beneficial 

resulta. Nevertheleis, public relations apl^ea r 

to be 'the main problem in the disposing of 
solid wastes in useless mardhes through 
sanitary landfill. 
(fX^ Active topography developments. Due to the 
large amounts of materials involved, rail- haul 
offers ample opportunities for substantial 
topography engineering. The material might ;|je 
used to build hills in level areas, facilitate 
flood control, if proper sealing is guaranteed, 
and to develop recreational complexes. 

(g) creations of offshore islands and/or land 
reclamation in lake and coastal areas. The 
large amounts of material rail-haul is capable 
of concentrating into one area offers distinct 
possibilities of creating offshore islands and 
of developing land by partial filling of large 
bodies of water. In this case proper diking 
and sealing are absolutely necessary to avoid 
any water pollution. 

(h) Ocean disposal. Oceans offer almost unlimited 
space for disposal of solid wastes, if the wastes 
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can be 'pro<SBSs©d in a way to prevent harmful 

> 

\ 4 

or undesirable effects on the environment. It 
would require that "the rail-haul segment of the 

* 

disposal system terminate at port cities ob 

. • ' ' -j? 

other suitable seaside locations. 

i- 

The economics of ocean disposal appear to 
be rather attractive since no site preparation 
or on site operations are required. For a haul 
aistancte of about 100 miles offshore and a volume 
of about 20,000 tons per day, the necessary 
shipping costs have been estimated at 25 to 40 
cents per ton. The shipping could be done in 
ocean-going bottom-dump barges or especially 
designed sea-going vessels. 

It should be highlighted that ocean disposal 
requires definitely a suitable processing of 
the solid wa^te materials, 
(i) Active and abandoned strip mines. The possibility 
of disposing solid wastes through active stivip 
mines operations has captured the attention of 
mine owners as well as* officials from various 
levels of government. The U.S. Department of 
the Interior estimates that some 3.2 million 
acres, or 5000 sq. miles of land, have been 



<^li8turbecl by surface mining M of 1 -January 

1965.^ Only about one-third of thi^ acreage is 

.estimated to have been reclaimed, leaving 

roughly 2 milliofi acres requiring reclamation. . 

Although it is difficult to estimate tl>e 

annual increase in acreage disturbed by surface 

a 

mining, -th^* figure cited for 1964 is 150,000 
acres. About 4136 of .the land disturbance is 
caused by the mining of coal? 26% sand and 
gravel; 8% stone;. 6% gold; 6% phosphate; 
iron; 3% clay; and 5% all others. 

Furthermore, the selection of coal strip 
miies for disposal sites for rail-haul systems . 

4 

appears to be supported by the geographical 
location of the mines. In terms of actual 
percentage, states east of the Mississippi 
account for 95% of the total coal produced. 
The states of Kentucky, West Virginia, Virginia, 
and Pennsylvania rank highest in the total number 
of operative coal mines within their borders. 
Thus, the geographical distribution of coal 
mines appears to be very favorable for solid 
waste rail-haul since a significant share of 
the nation's highly urbanized areas are found 
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. eaa.t.:6f . the ..JSliasis»ippi* • 

Solid waste disposal in abandoned strip . 
mines might be considered a special type of 
ordinary sanitary landfill'ing. One disposal 
*. opportunity is provided by the abandoned last 

trench, another is"^ found in the gaps between * 
the spoil banks • This -latter opportunity blends 
directly into the reclamation requirements of 
ir.any states and would help the owners defray « 
their rc-^Xamation cost. In a completely 
different approach, it also might be possible 
to work abandoned strip mines backwards in 

# 

order to use the total area to betteiT advantage. 

Finally, it also appears advantageous to 
blend solid waste disposal into normal activities 
of an operating strip mine. (See Pig. 2) . This 
procedure would add little or no cost to the 
mipe operation but could, on the other hand, 
pr6vide for all the cost of disposal space and 
of covering material for the wastes. 
Incineration (Reference 9,10) 

Incineration is a controlled combustion process for 
burning solid, liquid, or gaseous materials to an 
inoffensive gas and a residue containing little or 
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FIGURE 2. OVERVIEW OF ACTIVE STRIP MINE OPERATION 
(Reference 2) 
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no combustible material. The volume of municipal 
solid waste can be reduced 80 to 90% by incineration. 
In the process usually 98 to 99% by weight of the 
conibustil?le material can be converted to carbon 
dioxide and water vapor. Total weight reduction is 
commonly 75 to 80% based on the weight of the as- 
charged solid waste, reduced to a dry residue. The 
end products of municipal incineration, however^ must 
be 3isposed of. These end products include the 
particulate matter carried by the gas stream, 
incinerator residue, siftings, and process wat6r. 
Incinerator residue consists of npncombustible 
materials as well as combustible materials not 
completely consumed in the burning process. 

An incinerator requires a large capital 
investment, and operating costs are higher than for 
sanitary landfill. A survey of over 170 municipal 
incinerators found that the average capital cost was 
approximately $6150 per ton (24 hour capacity) and 
an average operating cost of $5 per ton. Skilled 
labor is required to operate, maintain, and repair 
the facility. Thus capital and operational costs 
must be compared with the cost of alternate disposal 
methods, and full consideration must be given to the 



•ff«et of th« mtthod on tho community and iti naighbort. 

Since collection and transportation costs amount to 
approximately 15% of the total solid waste disposal 
bill, incineration is especially advantageous where 
land within economic haul distances is unavailable 
for disposal by sanitary landfill methods, 
(1) On-site incineration. On-site incinerators are 
those used inside and outside houses, in apartment 
buildings, stores, small industries, hospitals, 
and other institutions to burn refuse produced 
on the premises. The advantage is that the 
amount of combustible refuse that must be collected 
and disposed of is reduced by the amount that 
is burned, and that the requirement for on- 
premises storage is reduced. The- disadvantage 
is that improperly designed or operated on-site 
incinerators do cause considerable air pollution. 
New YorX City has for many years prohibited 
incinerators in buildings which house less than 
twelve families, largely because of improper 
maintenance and excessive pollution. Typical 
incinerators range from 85 pounds per day capacity 
to a maximum of 3,400 pounds per day which would 
satisfy the needs of a 2000 tenant building. The 



average incinerator design capacity is about 350 
pounds per day. 

The residue has one-tenth to one-fifteenth 
the volume of the original refuse, with a weight 
reduction of at least 75%. Most of this residue 
is in the form of bottles, cans, and ash, with 
5 to 15 percent combustible matter, largely food 
products'. The following composition of residue 
has been reported. (Reference 7) 

Metal and glass over h inch 64% 
Ash from combustible matter 12 
Unburned combustible matter 16 
Moisture 8 . 

There are two general types of incinerators 
available, the major difference -being the method 
of feeding the refuse from the various floors 
into the furnace. 

Many of the existing incinerators could be 
brought up to satisfactory performance by 
incorporating the design factors that have been 
found beneficial in the new units, without major 
changes or cost. The principal elements sre: 
(a) Auxiliary burner in the furnace or primary 
chamber to ignite the refuse and maintain 
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dtilactd t«np«ratur« In conjunction with th« 

heat from the refuse. Over-fire air fans 
with mainfold and nozzles to assure adequate 
turbulence and complete burning of the 
volatile corobustib? ^^s. 

(b) Programming electric clocks with 24-hour 
dials and adjustable contact pins to permit 
starting and stopping of the above items at 
preset intervals. All controls to be 
inclosed in tight steel box, ^ 

(c) Adequate flyash removal equipment 
(2) Central Incineration 

Many systems of incineration have evolved over 
the years as technology improved, as living habits 
changed, and as solid waste collection practices 
developed. Although considerably different in 
construction and operation, it is clear that all 
successful systems of central municipal mixed 

t 

refuse incinerations include provisions for 
carrying out the following essential functions: 

(a) Receiving loads of mixed refuse at varying 
rates of supply. • 

(b) Measuring the quantity of refuse received. 

(c) Storing a ^buffer" amount of refuse in a 
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sanitary, accessible, yet nuisance-free manner. 

(d) Sorting, mixing or otherwise preparing refuse 
for incineration. 

(e) Feeding the refuse to a furnace at a controlled 
rata. 

(f) Drying the refuse sufficiently to permit ignition 
of combustibles. 

(g) Burning the refuse to produce essentially 
inert solid residue and tolerable gases. 

(h) Dissipating the heat of combustion. 

(i) Collecting, cooling and removal of non- . 
combustible residue solids. 

(j) Cleaning and discharging ef f 1 lent gases and 

liquids in an acceptable form, 
(k) Controlling the process for safety, efficiency, 

economy, and community acceptance. 
(1) Protecting the personnel and equipment from 

the elements, from dangerous refuse, and 
. from careless operation. 
Furnaces commonly used for the incineration of 
municipal solid waste are the vertical circular 
furnace, the rotary filn furnace, the rectangular 
furnace, and the multicell rectangular furnace. 
(Figure 3) 
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FIGURE 3. INCINERATOR FURNACES 

(Reference 10) 1 I 5 
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FIGURE 3. INCINERATOR FURNACES 
(Reference 10) 



Time, temperature, and turbulence are ^commonly 
called the three T's of combustion. When solid 
waste is exposed for a sufficient time to a 
turbulent hot atmosphere, the waste will be 
satisfactorily incinerated. The function of the 
turbulence is to insure mixing of each volume of 
gas with sufficient air for complete burning of 
volatile combustible matter and suspended 
particulates. 

In the combustion process, oxygen is needed 
to complete the chemical reaction involved in "the 
burning. The air necessary to supply the exact - 
quantity of oxygen required for the chemical 
reaction is termed stoichiometric or theoretical 
air. Any additional air supplied to the furnace 
is termed excess air and is expressed as a 
percentage of the theoretical air. To supply 
adequate air for complete combustion and to 
promote turbulence, a minimum of 50% excess air 
should be provided. Too much excess air, however, 
can be detrimental because it lowers furnace 
temperatures. In general, refractory furnaces 
require 150 to 200% excess air, whereas water 
tube wall furnaces require only 50' to 100% excess 
air. 
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Conibaation air can hm pr«hfat«d to 300 to 300^p, 

Onr- in the furnace, the temperature riaes rapidly. 
Inuned lately above the burning waate« the teinperatur4 
of the burning gases generally ranges from 2100 
to 2500^F and it may reach 2800*^P for short periods 
of time in localized areas. When gas leaves the . 
combustion chamber it should be between 1400^ and 
1800°F, The gas temperature leaving the stack can 
be expected to be lOOO^F or less. Before they 
enter the air pollution control devices the gases 
should Be cooled to 500° to 700°P. 
It is desirable to have auxiliary fuels available 
fort 

(a) Furnace warm up 

(b) Promotion of primary combustion when the solid 
waste is wet -or does not contain . an adequate 
BTU content for good combustion* 

(c) Completion of secondary burning to ensure odor 
and smoke control. 

(d) Supplementation of heat for heat recovery units 
when the supply or heat value of the solid 
waste is not sufficient. 

The concept of the recovery and use of heat 
produced during incineration has always intrigued 
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engineers and municipal offipials. Unless the 
heat is used, it is wasted. This represents lost 
energy and may also contribute to thermal pollution, 
in the U.S. most engineers hesitate to design 
systems to reclaim waste heat because of the 
added cost of the heat recovery equipment/ the 
variability of the heat value of th'e solid wastes, 
and the difficulty of matching the supply of waste 
•heat to the demand for heat . 

Most U.S. incinerators with heat recovery 
equipment use recovered heat for in-plant use only. 
These plants use recovered heat to generate 
electricity, supply hot water, and heat the 
incinerator plant during cold weather. . Recovered 
heat has also been used at one plant for desalting 
sea water for in-plant use and for supplying 
steam power within the incinerator plai>t and to 
nearby sewage treatment ..plants. Several U.S. 
plants supply steam to heating systems and to 
institutions such as hospitals. 

The sale of 'steam to power generation plants 
is also possible". The most practical means of 
using waste heat is to supply steam to a large % 
power system with a minimum demand greater than 
the maximum incinerator output. 



Und^r 4ty«lopiiitnt «t th% pr«Mnt^ tilM by 
the Combustion Power Company is an incinerator 
which will be used to generate electricity using 
the high temperature g&ses of combustion, 
(Reference.il). The incinerator is a fluidized- 
bed incinerator which burns solid waste. at high 
pressure. The hot gases that ar# produced power 
a turbine that drives an electric generator. , It 
is estimated that the unit will produce 15,000 
kilowatts while processing 400 tons of solid 
waste daily. This would represent 5 to 10 percent 
.of the power requirements providing the waste and 
partially offsets the cost of solid waste diapoisal, 
A one-tenth scale pilot plant is scheduled for' 
completion in 1972 and a ifull scale prototype 
after 1974. ^' • 

Air pollution, control is an exploding requirement 
in incinerator operation. Odors, gaseous emission, 
and suspended particulate emission are the types 
of pollutants present. f 

The best approach to the control of odors 
generated in the drying and combustion process 
is maintenance of adequate retention time and 
sufficient temperature to ensure complete combustion 
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of hydrocarbon vapors to carbon dioxide and water. 
If the' temperature at the exit to the furnace, 
is kept above 1400 F, temperatures within the 

» # 

combustion chamber will be sufficient to eliminate 
odors. - ' 

Both nitrogen oxide and sulfur oxide emission 
occur in solid waste incineration, but the eunount ' 
per ton of fuel burned are several orders of 
magnitude below those involved in the conibustion 
of fossel fuel. Solid waste is a "clean fuel" from 
the standpoint of sulfur content with about 0.26% 
by weight compared to 1 to 3% for most coals and 
oils. Further, there is evidence to suggest most 
of the sulfur is. retained in the ash. Nitrogen 
oxide emission per ton of fossil fuel- are over 
10 times that of an incinerator and since at this 
time nitrogen oxides are not con<»idered a problem 
with fossil fuel, they should present no problem 
with solid waste incineration. Some conce. n has 
been expressed about emissions of hydrogen chloride 
that might occur as a result of the incineration 
of certain plastics. This gas is highly soluble 
in water and can be effectively removed by water 
scrubbers. 
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air pollution problem and noxm type of collection 
system is neceeiary. The simplest and oldest form 
of particulate collector is the settling chamber, 
Pr4.or to 1953 or 1954 this was the only type 
collector used in incinerator plants. Their 
efficiencies range from 10 to 35^ and they are 
unacceptable. Another type collection device is 
the wetted baffle or baffle spray system. These 
systems have been used on over half of the new 
installations since 1957, yet their collection 
efficiency ranges from 10 to 53%, and one 
installation with a spraying section and secondary 
baffle claims 69.4%. Cyclones and multiple-cyclones 
have been used in about 20% of the installations 
since 1957 and published data indicate efficiencies 
in the range of 60 to 65%. Approximately 20% 
of the installations since 1957 have been equipped 
with hot scrubbers. Analysis indicates an 
efficiency capability in the range of 94 to 95%. 
Electrostatic precipitators have been used in 
Europe for a number of years but have not yet been 
operated on a full scale bassis in the U.S. 
Several new plants under construction will use 

" III 



« 



electrostatic precipitators with design efficiencies 
in the 90 to 98 ,5% range. - Except for pilot 
installations, f^ibxic filters have not yet been 
applied to incinerators and thexr use must be 
considered experimental. 
(3) High-Temperature incineration 

High-temperature incineration is in the experimental 
stage. Two such experiments are considered here. 
Both use a vertical shaft furnace operating 
between 2600 and 3200°F. Thus, combustibles are 
incinerated and non-combustibles are converted 
into a molten. residue which flows as a liquid 
stream from the base of the unit, 
(a) Whitman, Massachusetts Test Facility (Reference 12) 
Sponsored by a HEW Grant, a high-temperature 
incinerator was operated as a test facility 
in the Town of Whitman, Mass. from 1966 until 
1969. The objective and conclusions were as 
follows: 

1. Objectives: The test was conducted to 

determine the degree to which the principle 
had been developed for the reduction of 
municipal refuse. Specific items of 
interest were: 



«, Capacity in.tont par hour of rafute 

» • . • • • 

.input p«r unit «iza of furnaca, . based 

on ragular municipal rafu»a, 

b. Ability to operate continuouily over 
a period of days. 

c. Consumption of coke, limestone, flux, 
povvfer, water and auxiliary fu41 if any. 

d. Refractory wear and life expectancy, 
e« Physical anpl chemical analysis of the 

slag. 

f. Physical and chemical analysis of the 

* 

refuse. 

g. Emissions of gases and particulate 
matter from the stack. 

h. Evaluation of the unit as a municipal 
incinerator. 

Conclusions J Conclusions drawn from the 
tests were as follows? 

a. In its state of development and method 
of operation during the March 1968 
tests the pilot incinerator did not 
perform satisfactorily because ofi 
Low refuse firing irate 

High coke consumption relative to refuse 
incinerated 



inability 'to draih moltan iron and 
slag aa- nacaaaary to maintain continuity 
of operation' 

Excasaiva Ximaatona requirement 

Excessive emission of fly ash 

Hiyh labor requirements 

Short refractory furnace lining life 

b. The molten residue from the unit was 
free of putrescible and combustible 
matter and could be deposited in 
landfill without cover. It would not 
attract vermin or rodents, and it was 
odorless and sterile. 

c. A high yield of iron from the refuse 
was produced £n the form of spherical 
and flattened drops that could be easily 
separated magnetically. 

d. The electrical power consumption of 
the pilot plant was 48.66 Xw. per hour 
of operation. This quantity is not 
indicative .of the power consumption to 
be expected in a full 'scale installation. 

e. The water in the residue quench tank 
was cooled by circulation through a 



furnace water coneuinption was the 

moisture on the granulate, about 14 

gallons per ton of refuse, 

,f. The refuse burning rate is limited by 

the rate of melting of the inerts and/or 

by the loss of solids as carryover 

from the furnace. The carryover 

increases rapidly above 12 ft. per 

second of gas velocity as lp9se pap^r, 

foil, plastic film wrappings, and 

sweepings do not fall into the coke 

bed but are immediately carried upward 

from the charging chute. 

g. Based on tests, the burning rates for 

several sizes of incinerators would 

be as follows: 

Furnace Diameter Top Diameter Refuse Rate 

Ft. Tons/Hr. 



Ft. 



3 5 1.60 

4 6.7 2.84 
5* 8.3 4,45 

6 10.0 6.40 

7 11.7 8.72 

h. The shaft furnace is only the primary 

combustion chamber of a complete incinerator 



plant. 



Us 
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A secondary combustion chamber or ehambdrs 
will be required to complete the com- 
bustion of the carry-over solids. A 
t?*" dust collector will be required after 
the secondary chanOaer to r&duce the 

t 

particulate loaiding of the exhaust gases, 
(b) The Torrax System (Reference. 13) 

The Torrax System for high temperature 
solid waste disposal uses supplemental 
energy in 'the form of very high temperature 
pre-heated air. Combustion air is filtered 
and then heated by passing it through 
silicon carbide tubes around which flow 
the hot combustion products of an ordinary 
fuel. The air is heated to 1500-2000°F. 

Refuse is charged periodically into 
the top of the Gasifier, and its level . 
maintained within prescribed limits. As 
the refuse slowly descends in the gasifier/ 
most o^f the readily combustible materials 
never reach the high temperature zone at 
the bottom, because the hot gases permeating 
up through the refuse pyrolyze the organic 
materials to form combustible gases. 
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o.f difficwlt-to-burn object*, pyrolysis 
char, and non-corobuitibles. These materials 
are partially oxidized to create additional 
cortbustible gas, or liquified to form a 
complex silicate slag and a mixture of 

« 

molteri metal. Temperatures at the base 
are 2600-3000°F. A liquid mixture flows 
from the gasifier into a chamber filled 
with water where an aggregate-quality frit 
is formed from the slag and the metal is . 
frozen into small droplets. The gases 
flowing from the gasifier contain no free 
oxygen and consist mainly of carbon 
monoxide, hydrocarbon gases, and nitrogen. 
Entrained in this gas stream are particles 
of carbon, fly ash, etc. This combustible 
gas solid mixture is reacted in the igniter 
with ambient air. 

The remaining equipment in the process 
serves to extract heat from the gases 
issuing from the igniter and to cleanse 
the gas stream of particulate matter. 




Cdmposting (Reference 14) 

Composting is the biochemical degradation af organic 
materials to a sanitary, nuisance- free, humus- like 
material which may be used as soil conditioner. 
Modern scientific composting has been -described as 
a rapid but partial decomposition of moist, solid 
organic matter by the use of aerobic microorganisms 
under controlled conditions. Although in the late 
1960 'r. there were only a few composting plants in 
which municipal refuse was treated in the United 
States, experiences in Europe and experimental 
operations in the U.S, indicate that capital and 
operating cost of compost plants may compare .favorably 
with incineration. The major advantage of the » - 
process appears to be that it produces a potentially 
marketable- and useful product. .However, unless some 
economically beneficial us^ is actually made of this 
end product, composting will be of limited value as 
a means of municipal refuse disposal. In addition, 
since not all materials are compostable, it is 
necessary to use sanitary land filling for the 
inorganic wastes. 
Hog Feeding (Reference 9) 

In colonial times, the problem of garbage disposal 
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in U««« oitiM w*i •♦•olvtd" 1^ turning ;pi9» loo»* 
in the street to eerve as scavengers. As cities 
grew, ovmers of small farms in the outlying areas 
found it profitable collect^ all or part of a city'i 
garbage as food for their livestock. As the garbage 
disposal problem became more acute and regular 
garbage collection became a matter of public health, 
city gcvernments began to contract with , individual 
farmers to collect all the^garbage of the city and 
many cities maintained hog farms for the disposal 

of garbage. 

Despite the fact there is a statistical 
correlation between thd practice of feeding raw 
garbage to hogs and the relatively high incidence 
of trichinae infection in humans in the U.S.# the 
practice was not changed for many, years. The rapid 
spread of a virus disease of swine between 1953 and 
1955 proir.oted most states to enact legislation 
prohibiting feeding of raw garbage to swine. A 
World Health Organization report dated 1967 stated 
that one in six persons in the United States has 
trichinosis the highest rate in the world. In 1968 
Wisconsin completely outlawed feeding any type of 
garbage to swine. Because of the difficulty of 



pr#p«xiiif 9i|rb*(gt proper ly, it it important that;,^.all 
states enact this, prohibition. 

when laws required that garbage be disinfected 
before it could be fed to swine, the problem of how 
to do. it arose. To insure necessary and adequate 
protection of people, it is necessary that food wastes 
be cooked at 212°F for 30 minutes. Cookers of every 
type and size were soon developed, but a great deal 
of experimentation is still going on to find the 
best method of both thprougly and economically cooking 
the garbage. .However, the feed value of commercial 
garbage has been enough to induce continuance of a 
surprisingly substantial amount of such feeding. 
The U.S. Department of Agriculture reported that for 
June, 1968 that there were 8,794 premises on which 
842,911 hogs were being fed over 10,000 tons of 
garbage daily. 

Residential garbage ordinarily has the poorest 
value as hog feed. It invariably has in it significant 
amounts of inedible materials such as glass and razor 
blades. Commercial and institutional garbage also 

contains iiiedible materials paper, china, lamp 

bulbs, silver, napkins, cigarette and cigar butts. 
Restaurant garbage exceeds residential garbage in 
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nutritlonaX v«lu«, how«v«, primarily btcauM p£ the 

larger quantities of inedibles in residential garbage. 
Also, ^garbage is usually ;collected more frequently 
froni coiwnercial establishments and it .,is in better 
condition for fe^d, especially in sunimer. Market 
garbage is predominantly fruits and vegetables and 
must be mixed with other foods to make it suitable 
for hog feeding. Military installations are usually 
a good source ot^ood 'waste for swine feeding. The 
garbage is from well balanced meals and the inedible 
wastes are separated from the edible waste better 
than in other sources of garbage. 

While garbage shall continue to be important 
as hog food, hog feeding is not overly important 
insofar as refuse disposal. The total amount is. 
compai^itively small, only edible garbage cLn be 
disposed of in this manner and separate collections 
are required. 
Recycling 

The best way to dispose of waste products is to find 
uses for them. This means either salvage usable 
material or convert the refuse to a usable form. 
Either case is an example of recycling. 

Obviously scrap metal can serve a useful purpose 



ov«r and over again. The largest aource of scra^ 

iron and ateel is sometimes called ^^^^^^roropt industrial" 

the shavings, the turnings, ^ the leftovers, the bits 

and pieces from newly manufactured prpducts. They 

present no real problem; their composition is easily 

defined.' They, are gladly reworked and reused by 

industry. ' ^ • 

It is the second largest source'' of , scrap iron 

and steel that creates the difficulty — the millions 

of automobiles^ that have been and will be' junked. - 

An industry has sprung up to take care of this 

problem, but as yet is not operating too successfully. 

More federally supported research is needed on means 

for producing uniform scrap from auto hulks, and 

on uses other than for scrap steel. A problem like 

that of the automobile is that of the 70,000 to 

80,000 old freight cars discarded each year. A 

single car is about 40 feet long and weighs up to 

♦ 

27 tons. A typical "all steel" boxcar will contain 
about 4 tons of wood which must be burned or stripped 
away before the steel frame and other parts can be 
cut up with torches, or sheared, or crushed in big 
machine's. ■ The open burning, formerly practiced, is 
not long possible because of the air pollution 
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requirement. Unless suitable methods are found, the 

■ . . ■ «..> • 

car dismantling industry will fail, creating an even ^ 
greater problem in thousands of unwanted-* freight 
cars, 

AS far as the automobile is concerned^ the 
U.S. Bureau of Mines tates that automobile scrappage 
has reached a rate .that can provide over 9 million 
tons of ^ferrous and nonferrous metals annually. 
The problem, however, is to separate them from each 
other and from the glass and combustible materials . 
within the economics of the scrap market and* with 

♦ 

due consideration for air pollution. Incinerators 
can burn away combustible parts and some of the 
nonferrous metals can be iemoved by manual labor. 
The remainder can be processed by crushing or shredding 
to put it into ^ form acceptable for reprocessing. 
The machinery required to accomplish this is massive 
and expensi\^ and the whole enterprise becomes 
involved in economi^. A large operation is required 
to s«pport the capital cost, and this means a large 
source of junked cars available without much- 
transportation expense as well as a close and favorable 
scrap market. , ""^^'^ 

Salvaging of other disposables is possible. The 
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federal qovernment, for example, has regula/ salvage 
and scrap separation for its vast waste-handling 
facilities. The Gefteral Services Administration 
Jin its Washington region office saved $350,000 from 
the salvaging of waste paper along in 1966. A score 
of composting plants in the United States reduces 
the volume of domestic waste and paper and return it 
in the form of fertilizer to the land. 

Nonferrous metals contained in incinerator 
residues repjcesent a natural resource that currently 
is ending in iandfill. The United states Bureau of • 
Mines has operated a pilot plant at the College 
ParX (Md.) Metallurgy^esearch Center for approximately 
a year which separates and recovers the major metals 
and minerals values contained- in municipal incinerator 
residues (Reference 15). The plant/ which can process 
1000 lbs. of residue per hour, is. sophisticated 
enough to separate glass into cl,4ar and colored 
compbn^nl^sT^ Based on the engineering data developed, 
estimatesv^r capital and operating costs for a 
1000 ton per day plant show a cost of about $2 per 
ton of residue. Each ton cf residue processed 

» 

through the plant yields 700 pounds of iron, 40 
pounds of nonferrous metals including aluminum, copper, 
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lMd;Vin« sinc« small amounts of silysr and 1000 
lbs. of glass. The total value is $10 to $12 per 
ton of residue. 

Automobile tires also present prob-lems. 
Approximately 180 million tires containing 2 million 
tons of rubber are scrapped yearly. Incineration 
of tires causes serious air pollution problems. 
Disposal in landfills is not desirable because the 
tires are difficult to compact and are essentially 
not biodegradable. Bureau of Mines research has 
shown that the pyrolysis of tires can yield 1500 
cubic feet of high-quality gas and 140 gallons of 
hydrocarbon liquid oil per ton of tires treated. The 
problem is to make the process economically feasible, 
c. The Role of Packaging in Solid Waste (Reference 16) ' 

Since packaging materials is used primarily to convey 
goods from the manufacturer to user, and since most 
packages make only a single trip after which they are 
discarded, packaging plays an important role as a component 
of solid waste. The $16.2 billion worth of material 
purchased in 1966 weighed 51.7 million ^oi^ About 90% 
of these materials was discarded, representing 13.3% of 
the 350 million tons of residential, commercial, and 
industrial waste generated in the United States in 1966. 
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(Th« 350 lillllon ton £i9ur« •xoludts a^molition w«tto« 

scrapped automobiles « agricultural wastes, and mining 
wastes) . ^ * 

Tprning to individual packaging materials, the most 

significant per capita gains will be made by plastics, 

paper, glass, and metals, in that order. Wood and 

textiles will decline. Per capita increases of these 

materials in the period 1966 to 1976 expressed both in 

pounds and as a percentage of 1966 weight are shown- in 

the following table. 

Per Capita Increase Increase as Percent 

Material 1966 to 1976 - Pounds of 1966 Consumption 

Plastic 17.0 152% 

Paper 76.6 30 

Glass 23.4 28 

Metals 3.1 4 

The significance of this projection as regards solid waste 

collection and disposal arei 

1. Waste will be more costly to collect per pound because 
of the lower density. 

2. The proportion of difficult to handle materials, 
expecially plastics, will increase. 

3. The amount of land necessary to store and/or process 
these materials 'for ultimate disposal will nearly 
double. 
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4, The volume of salvageable material in the waste will 

increase substantially* 
One fundamental difficulty connected with collection bf 
package materials falls outside the effective control of 
the package manufacturer and the disposal agency. That 
factor is the cooperation of the public in actual 
disposal of the waste. This can be illustrated by 
considering the vast difference in difficulty and cost 
between coDlecting one ton of cigarrette wrappers 
discarded in trash containers and one ton of wrappers 
casually thrown from the window of cars along highways 
and streets. - 

Packaging materials apparently constitute a large 
part of the total litter to be 'found in the United 
States. A survey in Kansas along a one mile stretch of 
a two-land highway listed the following: 

770 paper cups 20 highway maps 

730 empty cigarette packages 16 empty coffee cans 
590 beer cans 10 shirts 

130 pop bottles 10 tires 

120 beer bottles 10 burlap bags 

110 whiskey bottles 4 bumpers 

90 beer cartons 4 shoes - no pairs 

90 oil cans 2 undershirts 
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50 paper livestock bags 2 comic books 
30 paper cartons 2 bed springs 

26 magazines 270 miscellaneous items 

Packaging material must sooner or later be disposed of 
by some sort of deposit on the land, either directly 
or as a residue from incineration. To help indicate 
resistance to processing, the following rating tables 
have been generated. 

Rating Definition o f Incineration 
Burning % Inert 1000 BTU/ % S Potential Damage 



Ratmq 
Excellent 


code 
100 


Rate 

very 
High 


jKesiuuts 

1 

2-5% 


12 & Above 


.01-. 05% 


None 

• 


Good 


200 


High 


5-10% 


10-12 


.06-. 10 


None with proper 
operation 


Fair 


300 


Slow 


10-20% 


8-10 


.11-. 15 


Can sometimes dis- 
turb systems 
operation 


Poor 


400 


self 
Ext. 


20-50 


6-8 


.16-. 20 


Seriously disturbs 
system -operation 


Satisfactory 


500 


Nil 


50 & 
above 


Below 6 


.02 & 
above 


Damage can be 
considerable 
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Ratina Definitions 


on Sanitary Landfill 




Rating 


Code 


Natural Density 

Ib./cu. ft. Compactability 


Degradability 


{Excellent 

i ■ 
\ 


100 


100 & above 


Deforms or crushes 
under pressure and 
retains compacted 
form after pressure 
is released 


Item will 

eventually degrade 

in soil by 
bacterial action 


Good 


200 


71-100 


Deforms easily but 
springs back 


Item is partially 
degradable 


Fair 


300 


51-70 


Deforms with 
difficulty 


Item will decompose 


Poor 

1 

i 

1 


400 


31-50 


Deforms but 
requires special 
handling in land- 
fill operation 


Highly resistant to 
both bacterial and 
chemical action 


Unsatis- 
factory 


500 


30 or less 

1 


Not effectively 
compac table 


Virtually 
'indestructible 



Rating Definitions of Composting 
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Code 



Handling Suitability 



Excellent 

1 


100 


Degrades quickly ^ 


Suitable 


1 

Good 


200 

1 
1 

300 1 

1 

i 
1 


j 

Degrades slowly 


Suitable but requires 
pulverization or special 
equipment 


Pair 


Degrades partially 


Unauib table, but can be 
removed mechanically 


Poor 


400 1 


Does not degrade 
but may be left in 
compost 


Unsuitable, but can be 
removed mechanically 


Unsatis- 
factory 


500 

1 


Does not degrade and 
is an undesirable 


Unsuitable and difficult to 
remove by any means 
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Rating D>finitiQn« of Salvaga Reuee and ConvfyiipiV 



Market 



! - 1 ' L.- 
Excellent 


XOO 


Separation is possible 
by mechanical means 


Market exists, little or 
no preprocessing required 


Good 


200 


Mechanical separation 
possible supplemented 
by hand sorting 


Market exists, commodity 
must be sorted 


Fair 

i 
1 


300 


Manual separation 
required, minimal 
sorting 


Market exists, commodity 
must be processed 


i 

jpoor 

1 


400 


Manual separation, 
considerable sorting 


Market does not exist except 
possibly via chemical 
conversion or extensive 
processing 


Unsatis- 
factory 


500 


Not practically 
separable / 


Market does not exist and 
is not likely to develop 



Disposabilitv Ratings of Major Packaging Materials 



Paper 


150 


160 


230 


210 


Metals 


460 


170 


460 


240 


Glass 


490 


160 


360 


240 


Wood 


210 


270 


180 


450 


Plastics 


300 


270 


480 


330 


Textiles 


190 

1 

: , . ■ .,■■■4 


120 

1 

I 


180 


250 
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CoXlacttoli Practice (Reference 9) 

The collection and removal of municipal refuse — one of 
the major problems of American cities— has been given lees 
attention than this essential public function deserves. 
Only within relatively recent years have most municipal 
officials been willing to admit that refuse collection 
technical management is a problem worthy of their 
attention and study. It should be pointed out that 
jollection and transportation amount to about 75% of the 
total solid waste disposal bill. 

1. Effect of Disposal Methods 

The means used to dispose of refuse influence collection 
practices to such a great extent that the disposal 
method must be determined and the disposal sites 
selected before the collection system can be 
intelligently studied. The size and kind of equipment 
depend on the len«sjt:h of the haul to the disposal 
points as well as the type of refuse collected. All 
too frequently the collection arrangements are made 
with little or no consideration of the disposal 
situation. In such cases the cost of the collection 
method is likely to be much too high. 

2. Refuse Variations 

The amount and type of refuse generated varies 



con«id«r«bly with th« ■•aaoni of tttm y«*r. Tb« ^ 

quantity of garbage in tha aummar months ia contingent 
upon tha problam of long ttoraga. Yard rubbiah la 
moat plentiful in apring and fall, although aome must 
be collected throughout the summer. Aahea are normally 
produced in the cold montha. Such variationa add to 
the difficulty of adminiatering refuae collection 
services. The collection force and number of vehicles 
must be equal to the peaks. This means that operating 
procedures must be flexible to permit the work to be 
conducted economically at all times. Sometimes crews 
and vehicles can be shifted from one class of collection 
to another or to some other municipal activity. In 
other cases the size of the force must be adjusted 
to the work load. If the size of the force is kept 
constant, a variation in work hours will be necessary. 
Collection Methods 

These are several methods of getting refuse from the 
point where householders place it to the collection 
vehicles. The material may bo transferred from regular 
containers located at curbs or in alleys, full 
containers may be carried from back doors or basements 
and the empties returned, full containers may be 
exchemged for empty ones, disposal refuse bags may be 



us«a for curb, alUy, or "baeX door collection, «tc. 
Th«^ tachnique used affect* the time required and 
therefore the collect.-.-^n cost. Many communitiee are 
supplying homeowners with disposal plastic or paper 
bags which can be usee' \nstead of the standard 
garbage cans. In this way collection is speeded up ' 
because a container does not have to be carried back 
to a yard or alley. In addition collection is 
quieter than with the c^n system. The main dis- 
advantages are that the closure of overfilled bags 
is often faulty and that the bag is an item of solid 

I 

waste itself. 
Collection Equipment 

Collection equipment is usually selooted for reason 
of economy, sanitation, and appearance. Available 
are trucks, semi-trailers, container trains, motorized 
carts, and bodies in a wide range of types, sizes 
and capacities. The goal is to obtain equipment 
which is best suited to satisfactorily meet local 
conditions. 

Numerous factors such as loading height, mechanical 
loading and unloading devices, compacting devices, 
covers, turning radius, watertightness, automatic 
drives, and safety devices are important when matching 



•quipiMnt to loo«l na«4«« Of inor«asi|A9 inqportanga* 

aa mora recognition is givan to the growing problem 

of noiae pollution, will be noiee generated by collection 

vehiclaa particularly in the '^compacting operation. 

Uncier certain circumstances it is uneconomical to 
transport the refuse to the disposal site dn the 
collection vehicles. If the most suitable collection 
equipment is not efficient for long hauls, it is well 
to tramfer the collected material to other vehicles. 
If the disposal area cannot be reached by highway, 
supplemental transport by txH or water becomes 

Ik 

necessary. Consequently, transfer stations must 

sometimes be provided. 

Organization 

There is no one best plan or oganizc.tion for refuse 
collection.* The plan chosen in any particular locality 
depends on the form of government, size of the 
community, density of population, kind of service to 
be rendered, and numerous other factors. What is 
Important is that there is organization that has 
taken into consideration the entire system in. its 
makeup and is flexible enough to meet normal variation 
in a planned manner » 
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The Solia Waste Disposal Act of 1965 (References ^,17,18) 
The Solid Waste Disposal Act was enacted in October 1965. 
It authorized local, state and federal agencies and private 

organizations to join in a major effort to rid. the' nation 
^of health hazards and scenic blight resulting from 
prevailing practices for disposing of solid wastes. 
More specifically it authorizes federal action in six 
areas. 

1. It provides up to two-thirds financial support for 
local and state projects for demonstrating new and 
improved waste disposal technology. 

2. It provices up to two-J:hirds financial support for 
the development of area-wide solid waste management 
systems designed to end fragmentation of disposal 
responsibility among small communities. 

3. It provides up to one-haLf financial support for 
state suj. 'eys of solid waste requirements and the 
development of statewide program plans for meeting 
those requirements. 

4* It provides for research workthat will form the 
scientific basis for a new approach to solid waste 
disposal. 

5. It provides for training programs to alleviate 
critical shortages of qualified personnel. 



6, Zt authorlxad ttehnicaX as*^*tanpo to stata and local 

■ ^ % ' ' ■ / ' 

governnants and to Industrial and consulting groups. 

Many of the reports citpd as references here are an 

outgrowth of this program. 

STATEMENT OP THE PROBLEM ^ 

^ * * 

The basic problem is "applying technology to t^e uhniet needs 
■ in the area of solid waste disposa).." This includes 
adaptation- of current technology how not being effectively 
utili'zed, expanding .that technology through pure research 
and pilot plant development, and of "overcoming the major 
obstacle which is the lacX of awareness on the part of . 
governmental decis^-on makers and the public as a Whole, 
Insofar as the course is concerned, the problem is related 
to the last of 'these — the lack of awareness. The problem 
hmx% in to increase the t9chnical literacy where solid waste 
technology is concerned "and to brint about an awareness that 
technology is available .that is not being fully utilized, 
and that systematic application of r,at technology as well 
as incieased effort and financial sipport to expand that 
technology is vital. Reference 19, which is "ncluded as 
Appendix X, discusses the applicaticn of technology to the 
solid waste disposal problem. 
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STUDENT ACTIVITIES 

Most of the in-laboratory experimentation that came to mind 
appeared to be "busy work" and of littlo value in meeting 
the bbjectives of the course. It will not be reported here. 
Student activities that do appear worthwhile include: 

A. Presentation of Reports* 

A problem exists whereby it is essential that some 
knowledge of the background material be acquired, yet 
lectuje-type coverage seems out of place. This problem 
could be approached by assigning different students or 
teams of students different aspects of the solid waste 
problem to become "experts" on. These assignments should 
be made well before the class coverage of the topic and 
reference material should be available. Students should 
be cautioned to dwell mostly on objectives, conclusions, 
and recommendations in the reports and for the moat part 
to only skim the highly technical content. Actual 
presentation of the material could be improvod by having 
the respective groups attempt to "sell" their particular 
disposal technique for some defined waste situation. 

B. Local Visitation and Evaluation 

Visits to local government to determine such things as 
the organization for refuse disposal, the type collection 
system and disposal system, the quantity of waste collected 



11 



•nd th# oott of op«r«tioii mi^le^t bt %«orthwhll«« Visits 
to disposal sites thsmsslvss is another possibility. 
Also, visits to area industry could be made to determine 
the source of industrial solid waste and the method of 
disposal. 

C* Decision Trees in Solid Wastes Planning (Reference 20) 
This paper describes using probability considerations 
to deal with chance events in the decision-making 
associated with solid waste management. Adoption as a 
classroom exercise should be worthwhile. 

D. DISCUS (Reference 21) 

DISCUS is a digital computer game dealing with solid 
waste management decision. It is described in Reference 
16 and listings and a card deck are available upon request 
from the author. 

B. Film 

An outstanding color movie called "The Third Pollution" 
sums up in 23 minutes the urgent, too- little-heeded 
problems of solid-waste management. 



1 

80 



ERIC 



REFERENCES 

1. " , "Refuie collection Practice", American Public 

r 

Works Association, 1966. 

2. wolf, K.w. and Sosnovsky, C.H. , "Rail Transport of Solid 
Wastes - Interim Report", Grant No. DOl-UI -00073, United 
States Department of Health, Education and Welfare, 1969. 

3. Black, R.J.; Muhich, A. J. ; Klee, A.J.? Hickman, H.L.; and 
Vaughan, R-D., "The National Wastes Survey - An Interim 
Report", United States Department of Health, Education 
and Welfare, 1968. 

4. Kaiser, E.R., "Refuse Reduction Processes", Proceedings 

of the Surgon General's Conference on Solid Waste Management 
for Metropolitan Washington, July 1967, p. 93-104, Public 
Health Service Publication No. 1729, 1967. 

5. , "Municipal Refuse Disposal", American Public 

Works Association, 1966. 

6. , "Development of Construction and Use Criteria 

for Sanitary Landfills - An Interim Report", Grant 
DOl-UI-00046, United States Department of Health, Education, 
and Welfare, 1969. 

7. , "Technical - Economic Study of Solid Waste 

Disposal Needs and Practices", United States Department 
of Health, Education and Welfare Report SW-7C, 1969. 



81 153 



8. Brtti^n«r, D,R. and Kmllmt, ©.a., "Sanitary Landfill paaign 

and Operation", United States Environmental Protection 
Agency Report SW-65t», 1972. 

9, McDonough, P. A.; Peterson, B. and Fritschler, A.# "Guidelines 
for Local Governments on Solid Waste Management", United 
States Environmental Protection Agency Report SW-17C, 1971. 

10. De Maua, J? Keller, D.J., Leckman, J. and Newton, J.L., 
"incinerator Guidelines - 1969", Public Health Service 
Report No. ?.0l2, United States Department of Health, 
Education and Welfare, 1969. 

11. Dial, C.J., "New Technologies in Solid Waste Management", 
United States Environmental Protection Agency, 1972. 

12. , "Evaluation of the Melt-Zit High Temperature 

Incinerator", Grant DOl~UI -00076, United States Department 
of Health, Education and W61fare, 1969. 

13. , "The Torrax Solid Waste Disposal System", 

Torrax Syatems, Inc. 

14. Wiley, J.S. and Kochtetzky, O.W., "Composting Developments 
in the United States", Compost Science, Summer 1965, 

pp. 5-9. 

15. Kenahan, C.B., "Solid Waste - Resources Out of Place", 
Environmental Science and Technology, Volume 5, Number 7, 
July 1971, pp. 594-600. 

82 15; 



ERIC 



\ 



16. . "The RoI« of Packaging in Solid Wa«t©", 

Public Health Service Publication No. 1885, United States 
Department of Health, Education and Welfare, . 

17. "Initiating a National Effort to improve Solid 

Waste Management", United states Environmental Protection 
Agency Report SW-14, 1971. 

18. Keagy, D.M. , "The Federal Solid Waste Demonstration 
Program" , United States Department of Health, Education 
and Welfare, 1968. 

19. , "Application Technology to Umet Needs ~ Report 
on the Solid Waste Problem" , United States Department of 
Health, Education and Welfare, 1968. 

20. Klee, A.J. and Garland, G.A., "Decision Trees in Solid 
Waste Planning", Public WorXs Magazine, July, 1968. 

21. Klee, A.J., "DISCUS - A Solid Waste Management Game", 
IEEE Tranactions, July 1970. 



ERIC 



83 



;o5 



APPENDIX 



APPLYING 
TECHNOLOGY TO 
UNMET NEEDS 

Appendix Volume V 

TECHNOLOGY AND THE AMERICAN ECONOMY, 
The Report of the Commleeion 



REPORT OK THE SOLID WASTE PROBLEM 

StudlM pnpv4 for th« N«tioMl CemmlMloii on Toohnology, Automation, 
mtfCttonomleProiroM • Fobruary 1909 



U.S. DEPARTMENT OF HEALTH, EDUCATION, and WELFARE 
Public Hoaltli Sorvict 



2il primiuj; 



1 hus i.iihlK-!itit>n will l>t' (ii.st rihui. <; iv- iiostors as supplies permit. 
ju-'iiu'Sts Hhould 1)0 <iirtHMi'(i lo \hr .;i )l Center for Urban and 
Imiastrial Health, 222 Kast Cenlral Pui'. -ay, Cincinnati, Ohio 45202. 



Report on the Solid Waste Problem 

L Deacriptioii of the Ptoblem and Issues 



Probftbly th« mott mHow •hortoominff in HtB 
field of public works since World Wsr II hss been 
a chronic inability to. eTsluate the status of the 
art of solid waste disposal and to develop logical 
and economical isysteiBs to meet the changing 
times. Although some $8 billion an spent an- 
nuallir in the tmited States to collect and dispose 
of renise and other solid wastes, the collection and 
disposal practices in common usage are but little 
unproved over those of a quarter century ago. 
Much of the blame must be attributed to the very 
nature and origin of the problem: Waste disposal 
has historically been relegated to the lowest levels 
of responsibility. 

It is only too common a practice in all but the 
largest metropolitan areas in the United States to 
find solid waste management conducted through a 
**dirt-under-the>rug** approaqh. As long as refuse 
does not pile up m the streets or on the curbs 
or in the alleys, and as long as the rat>infested 
dump annoys only the nearby residents, matters of 
efficiency, economy, public health, and safety are 
overlooked, and the more "pressing** (and better 
understood) aspects of community life are studied 
and financed and programs implemented. 



Solid wastes have not been accorded appropriate 
)^gnition as a national problem, unlike the liquid 
waste systems which require thoui^tful design and 
construction, careful operation, and stronc public 
support for generous funding. In the deceptive 
simplicity of solid waste collection sad disposal 
operations lies the delui^on. 

Surveys of solid waste collection and disposal 
practices throughout the Kation reveal very few 
consistencies. Often the going practices turn out 
to be the result of cut-and-try techniques handed 
down fr(»n one generation to another. the Los 
Angeles metropolitan area, for example, separate 
collection of -food wastes for use as hog food con- 
tinued for many years after the economic advan- 
tage to the communities iras grossly outweighed 
by the far greater costs of making two separate 
collections. In other cities where outmoded col- 
lection service is provided by shoveling refuse from 
vaults, leaves are pitchforked from loose piles, 
separate trucks are driven over identical routes to 
different classes of refuse, and all deposited at 
the same disposal site, where an expensive in- 
cinerator was built on wastelands that could be 
reclaimed by sanitary landfiUing. 



n. Tcchnologie* That Could Be AppUcd To Solving the Problem 



A. Hlstorjr of Solid WmIm Rtmrcli 

Jntroduetion 

Public dUintewrt in rejected matoritb hw b^wa 
T«flect«d in a n«gl«ct ol metrch in solid wuMi 
mtnatttniient, with the rwult that problemahairo 
multipUed faster than solutiom. After World 
War fl the probleme of eolid waatea management 
oould no longer be ignored, «>?ceni has now 
reaohed national proportooni. In 1W« tne ptate 
of California began research which has iontinued 
at varying levels of intensity under » 'anety of 
sponsors. SimUar investigative work w w carried 
onthroughout the United SUtes by pul Uc agwi- 

ci68« 

The early researcher was confronted with a 
dearth of reliable information on teolmoloflnr and 
eoonomics of wastes managem«mt. Whenitudiw 
of composting of municipal refuse were mittated 
at the TOversity of California in 1 W9, literature 
search turned up some 10,000 references, essen- 
tially none of which revealed any scientiHo under- 
sUnding of the process or of its utilisation m an 
engineered system. Investigations of mcmeration 
showed it to depend upon a teAnology empirica^^^ 
derived and poorly defined. Sanitary landfllling 
was found to involve practices of obscure ongm 
and undocumented relevance. 

Scope of BttMreh 

Research in solid wastes management has been 
directed to the discovery of basic information, to 
the development of processes and technology, to 
the impac/of wastes management schemes on the 
air, water, and land resources, to the economics of 
collection and disposal, and to jurisdictional and 
planning problems. While the scope of past re- 
search may not be inappropriate, it has been lun- 
ited by the inadequate scale of researdi and lack 
of effort to translate knowledge into effective syn- 
terns. 

Studies have yielded some basic data on the 
types, amotmts, physical characteristics, and origm 
of refuse. Studies qow being conducted by the 
California State Department of Public Health 
for the San Francisco Association of Bay Axtc. 
Governments are producing similar data for the 
total wastes of metropolitan areas. From such m- 
vestig-^tions the nature of solid wa'tes may be es- 



tablished for speolfie areas, but the dhnatolpgieal 
and geographical varUtiwis from ona »wa to 
oUwr ara so^Mat that such data have only limited 
senaral ussfulnsss* , , 

From research on process funOamentols haa 
come knowledge of the pru. Uples of oompostoag, 
the fuel value of refuse, optimum inoineration.tain. 
peratures, tiie general nature of combustion prod- 
ucts, and simUar. basic data. 

D&v*l0pmMU of Pfoemu and TtchMlogy 

Investigation and demonstrations pf technical 
feaaibility have been conducted for mcmeration, 
composting, landfllling, grinding organic wastes 
withwa^ and discharging tiie flurry to the sew- 
eraire system, and salvage and ^reclamation, but to 
-different extents and with varied results. 

University ressarch groups and public 
have obUined significant information oo the de- 
sign, operation, and instrumentation of an infsm- 
MK;r,*iSttding tiie •«eetiT«iess of jranows 
components imirthe control of its stadc effluents. 
Studies of home incinerators have also bew made. 
While such ressarch has done much to improvs 
tiie process, such factors as air poUution control, 
the grw^ volume of waetfcs, and the moreawng 
urbanisation of theNation have spumdmterert 
research and development along the following 
lines: 

1. Improved metiiods of refuse handling and 
furnace chaining. ^ . , ^ . 

2, Determmation of stoker snd grate perform- 

8. Establishing more precis*, desipi criteria. 
4. Methods of sampling aus!, monitoring mcm- 
eration process and f^tackmscharges. ^ ^ J 
fi. Mechanical methods of removmg fly ash and 

residue. , ^ i j- 

6. Control of particulate and gaseous stack dis- 
charges. 

Studies of composting at the University of Cali- 
fornia, Michigan State University, and elsewhere 
in the early lOOO's estoblished the fundamentals of 
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compofitinf^. Field scale demonstrations of open- 
wtnarow comporting w^n conducted it Oftkland 

and Berkeley, Calif. ^ and mechanized composting 
was demonstrated at Altoonav Pa,.; Norman Okla.j 
Sacramento and San Fernando. Calif.; and 
Phoen Ix, Arix. Pilot composting plants have been 
operated at Burbank, Calif and in Los Angeles. 
Several other successful and unsuccessful expert 
meTits have been conducted in the United States. 

CampoRting combined with sanitary landfilling 
was demonstrated at Chandler, Ariz*, by the U.S. 
Public Health Service, and application of the 
proi*e5i.s to animal manures^ farm wastes, sewage 
aluilfjo, and canneiy wastes nave been investigated 
on a small scale. The National Canners Associa- 
tion, with PHS research grant support, is now 
oporatinc: a pilot plant for composting wastes from 
fruit anavefcetable canning in California. 

Investigative work needed to establish compost- 
ing as an effective process in solid wastes disposal 
includes : 

1. Determination of the market (or lack of 
market) for compost. Inability to develop mar- 
kets has been a main cause of failure of compost- 
ing schemes in the United States. 

2. Demonstration projects to refine technical de- 
tails and establish tne economics of composting. 

3. Development of equipment and methods for 
large-scale use of compost in agriculture. 

Sanitary Landfill 

Re;varch on the sanitary landfill process and 
related problems has been directed to a variety 
of obieotives. The University of California re- 
ported on the methods and^ techniques utilized^ by 
13 cities and on the economics of lananlling. The 
American Public Works Association and the 
American Society of Civil Enc; neers each pre- 
pared manuals of sanitary landfil practice. Anxi- 
agement of fills and cover materiti to prevent the 
emergence of flies was investigated by the Cali- 
fornia State Department of Public neaUh, and 
t^e California Water Quality Control Board spon- 
sored stndief^ of the ground water pollution poten- 
tial of laiulfilla. 

Although .sanitary landfilling is capable of han- 
dling the total solid wuntes of a community, its 
broailor application would be intensified by the 
following investigations: 

1. Development of methods for precompacting 
refuse 1)0 fore placing in the fill. 

2. Investigation of construction methods and 
building design to permit use of completed sani- 
tary landfills for residential and industrial sites. 

Improvement of methods to incorporate dem- 
olition debris in landfills. 

4. Investigation of the deposition of compact^ 
refuse in submarine canyons. 



6. Development of means for using sanitary 
landftil at titM having high ground water leveli« 

Grinding to Sewer 

Field-scale studies of shredding organic refuse ^ 
and discharging it to the sewer have been con- 
ducted in southern California. .Practical appli- 
cation of the method to a ^ abinaticm of commu- 
nity ^ wastes such nt animai manuree, paper, gar- 
bage, tiee trimmings, cannery wastes, plastics, 
glass, and similar grindable or shreddabfe mate- 
teriala ».v#ald require a number of investigative 
studies, including : 

1. Determination of the range of materials 
which can be water transported in an existing 
sewer system. 

2. Determination of the ability of existing waste 
water treatment processes to handle shred<kd ref- 
use materials. 

^ 3. Studies of process modifications and exten- 
sionSt and the economics of adapting existing sew- 
age treatment systems to dispose of water*trans« 
ported refuse. 

4. Studies of feasibility and the materials- 
handling techniques needed to utilize sanitary 
sewers as a transport system. 

5. Determination of the possibility of converting 
refuse to particles which might be piped to the 
ocean and discharged without havmg floating 
particles or other pollution. 

Salvage and JSeelamation 

Numerous experiments have been conducted on 
separation of salvageable materials from mixed 
refuse. Those have oeen relatively crude, practi- 
cal attempts to reduce costd to a profitable level, or 
to develop sophisticated devices, such as magnetic 
or ballistic separators, to salvage some particular 
element of renise. 

Experiment*^ on reclamation of selected and 
limited amounts of certain organic fractions of in- 
dustrial wastes have developed such products as 
bone meaL industrial alcohol, vegetable oils, ani- 
mal feed nller^ and wallboard from various com- 
ponents of solid wastes. Economic factors have 
limited the practical epplication of these methods. 
Needed stuaies in the i eld of salvage and recla- 
mation are: 

1. Methods of isolating salvageable materials 
before they become mixed into the tot»l refuse. 

2. Mechanical methods for rapidly and ac- 
curately selecting specific items from refuse; for 
example, various alloys of brass and aluminum, 
clear glass, and clean paper. 

3. Basic research on the reclamation of reusable 
raw materials from solid wastes. Determine what 
compounds can be i^laimed and how reclamation 
can be accomplished technically and economically. 
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rolame of solid iraitM ftt the point of origm or 
dispoMl. ^v^iiiM directed to euch objeotivct 
i&ctude: 

1. Development of loluble or d^grtdable 
contftinen. 

2. Improvement of methods of field proccesing 
of ftgricultund prodttoCa. 

8. Development of varieties of foodstuff with 
minimal wsste fraction. 

4. Feasibility of legtl restrictions on nonreturn- 
sble coQtainerSf junk mail, etc 

OoUeeticn and BauUng 

Research on the economic and logistical aspects 
of refuse handling, including studies made by the 
University of Califomia which developed pro- 
cedures by which an economic collection and haul 
system can be designed. Consulting: engineering 
firms have also made studies for public agencies 
on both collection systems and equipment, but 
there is need for an entirely new approach through 
such avenues as: 

1. Application of modem computer techniques 
and systems analysis' to optimize collection systems. 

2. Use of existing transport systems, such as 
public sewers, rapm-transit facilities, etc, for 
transport of solid wastes. 

3. Studies of feasibility of long-distance trans- 
port of refuse by highway, railway, and pipeline 
to remote disposal facilities. 

Environmental Beiourcei Management 

Air Reiourcet.—Tht effect of solid wastes dis- 
posal on air resources has imposed restnunte which 
require research beyond the matively simple prob- 
lem of controlling odois, dust, and fly ash in the 
immediate locale. 

Incineration of. solid waste materials results in 
a significant burden to the atmosphere. Principal 
attention has been given to the abatement of par- 
ticulate emissions by internal settling baams or 
chambers in the incinerator and by particulate 
collection devices such as cvclonee, electrostatio 
precipitetors, and water scrubbers. Much less re- 
search has been perf(Mrmed to determine and con- 
trol the tvpes and quantities of organic gaseous 
producte irom the combustion of solid wastes, even 
though this group of ^missions may pose the more 
serious threat to public health. Organic com- 
pounds in gaseous effluent include aldehydes, oxides 
of nitroffen, organic acids and esters, phenols, and 
polynucTear hydrocarbons. All cause abnormal 
physiological respmses and some are known to be 
carcinogenic. Ixick of research on the gaseous 
products, particularly the organics, has been due to 



inadequate analytical tools and time-ooniuinintf 
analytical prooeasea, but aztrsmely aenaitiv* ana 
ralativaly aaathoda hava noaatlj baoxna 
avidlable to separate and idantii^ these and other 
complex oompounda. 

Spaoifio naaareh needed on the affect of rafiisa 
incineration and open burning on the air resource 
inclodM: 

1. Quantitetion of organic emissions in flue gases 
in relation to type of refuse processed; pertinent 
operating parameters are yet to be detmmined. 

2. Determination of public health aapecte of 
incinerator emissions. 

3. Determination of the fate of organic residues, 
such as pssticidee and herbicides, when agricul- 
tural solid wastes are burned. 

Water Beeaweee.—Oroxxnd water pollution by 
solid waste disposal has been of concern, especially 
in areas where water is scarce and ground water 
forms an imporUnt supply. Most research has 
been directed to effecte of landfills on surface and 
ground waters. 

Serious concern has arisen on the question of 
ground water pollution from landfilled rubbish bv 
two mechanisms: (1) Carriage of water through 
the refuse and subsequent combination of tne 
"leachate" with ground water, and (2) solution by 
the ground water of gaseous producte of 
decomposition. 

The relationship between refuse disposal and 
water pollution has been extensively studied in 
southern Califomia. A 1061 collation study for 
the Stete presented the known date on the effecte 
of ref UFe dumps on ground water quality and de- 
lineated additional specific study ares^. Subse- 
quent research investigated leaching from sanitery 
landfills and ash dumps (1968), determined the 
quantity and quality of gases produced during 
refuse decomposition (1964), and, currently, fac- 
tors controlling utilization of sanitery landfill 
sites. These reeulte showed that little or no im- 
pairment of ground water will occur from leach- 
ing if the fill IS properly located away from inter- 
cepting ground water, but gross pollution may 
occur if ground water intercepte refuse. 

Gas movemento from a sanitary landfill, methods 
for controlling and minimizing the passage of 
gases, primarily CO,, into the underlying ground 
are under study. (The solution of COt in water 
renders the water more acidic, resulting in in- 
creased mineralization of ground waters. ) It was 
found that sizable concentrations of COi could be 
expected to be held in contact with the soil for 
many years. Field and laboratory research is now 
directed toward management procedures, such as 
controlled gas renting and impervious membranes, 
and development of procedures for minimizing po- 
tential C0» pollution. 
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Land JReicurres. Solid waste9 management, aa 
it mUtM to land reaouroei, haa mnerstad raaaaroh 

lari^ely concerned with landlilUnfif processes* 
C(»npetition for land resources increasingly aflfects 
aolid wastes nrianagement. The State of Califor- 
nia is evaluating disposal of solid wastes on the 
shoreline as a land feature having varied resource 
values. 

Much research is needed in this field: 

• L Resource Planning. Determine the institu- 
tional and legal means of bringing solid wastes 
and land resource i .anagement together at a policy 
level 

"i. Land Use Planning. General and specific 
considi rations are: 

a . Local land use studies combined with 
soliJ wastes management. 

b. l>evelop a "land pollution'* policy similar 
to air and water pollytion policies. 

c. Need for development of a "problem* 
shed*^eystem of solid waste management. 

JurUdictiowd Problems. — ^Any study of local 

Sroblems in solid wastes management reveals the 
ifficulty of providing odeouate management with- 
in a framework of uncoordinated and overlapping 
jurisdictions, each with limited authority and 
responsibility. A current study in California seeks 
to apply operations research methodology to de- 
velop optimum jurisdictional arrangements for 
wastes management on a communitywide or re- 
gional basis. 
Needed research falls into two broad categories: 

1. LegaJ and Institutional Faotors. A study 
of public policy, legislation, and institutional ar- 
rangements necessary to improve jurisdictional 
approaches to wastes management 

2. Systems Analysis. The application of mod- 
em operations research techniques to optimize .solid 
waste disposal systems. 

B. Proposals for the Solution of the Problem 

Proposals for solving the solid wastes problem 
originate from three sources: Governmental 
groups, including local, State, or Federal public 
health departments, consulting sanitary engineer- 
ing firms, and solid waste disposal process, equip- 
ment, or systems.entrepreneurs. Two other groups 
provide valuable assistance in Xhe study of solid 
wastes, but they are passive participants in the 
development of solutions: (1) Universities and 
technical institutions may gtudy elements of the 
solid wastes problem, but dd-not serve as decision- 
makers in seeking solutions, (2) professional 
organizations such as the American Society of Civil 



Engineers, the American Society of Mechanical 
Engineers, the American Public Worics AjMooia* 

tion, and the Air Pollution Control Association 
may compile information and circulate technical 
discussions which assist in the formulation of con« 
cepts regarding solid wastes problems. In Cali- 
fornia, a $100,000 study was made during the 
summer of 1 065 by a private firm, on the concept 
of ^totnlly integrated w*aste mana^ment,^* to pro- 
pose w**ys and means whereby liquid, gaseous, and 
solid wastes from the Greater Sacramento area 
can best be handled. Systems analysis techniques 
for solution of sol id wastes problems have also been 
studied by the Technolc^ical Institute at North- 
western University for several years. 

Oovemmental Agencies 

The larger governmental agencies engaged in 
a "utility-type" enterprise often devote a portion 
of their funds to research and development but 
smaller agencies may not be able to engage the 
necessarr engineering specialists and keep them 
profitably applied to the solution of future prob- 
lems. From these larger groups have come solu- 
tions to solid wastes problems for specific localities, 
with some applicabifity elsewhere. Larger metro- 
politan areas may continue to produce carefully 
engineered proposals to solve solid wastes prob- 
lems for their own areas, but nothing short of State 
or Federal effort will produce proposals for state- 
wide or national application. Tax funds which 
support a local agency cannot be used to make 
studies or develop nroposals for areas other than 
those from which tne funds were derived. 

Some propc^als developed and adopted by gov- 
ernmental agencies are relatively successful, but 
they are not sufficiently comprehensive. In the 
late 1940*3, New York City embarked on a pro- 
gram for disposal of combustible solid wastes 
which requires 11 large incinerators. These may 
cost over $90 million oef ore the program is com- 
pleted in 1968. The program was decided upon 
when a search for landfill sites failed to reveal 
enough capacity for a long-range landfilling pro^ 
gram. The Ijob Angeles County Sanitation Dis- 
tricts, on the other hand, found that landfill sites 
sufficient for 30 or more years existed in the metro- 
politan area. Much thought was later given to 
transportimif refuse to more remote sites by trans- 
ferring refuse from collection trucks to large- 
volume truck trailers. By this technique, since 
incorporated in the system, solid wastes can be 
transported up to 60 miles from the metropolitan 
center to landfills before costs exceed those for 
incineration. Neither tJiese or similar studies have 
dealt with the nroblem of solid wastes collection; 
about $8 out of $10 spent on solid wastes disposal 
go for collection : the other $2 are spent on disposal. 

Most **comprehensive^^ solid wastes studies are 
"disposal'' studies, and few studies of the basic 
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Sroblema in solid woates collection are being un- 
ertaken. The California study mentioned ewher 
deali wiUk rtftuM ooUactioo problems to a limited 
extent, and the Lea Angeles County Sanitation 
Districts are studying the use of large-diameter 
sewers for conveying large quantities of ground 
solid wastes from centrally located gnndmg sta- 
tions to sewage treatment plants for removal and 
treatment by digestion, composting, or wet-cora- 
buation. The latter studies to date are encourag- 
ing and the economics appear favorable. The Los 
Angeles County Sanitation, District* are also con- 
ducting studies of solid wastes compressibility to 
develop a suitable system for disposal at sea. The 
agency is not ampowered under the State law to 
collect solid wastes, consequently it is not conduct- 
inff collection studies. 

The U.S. Public Health Service, through the 
Division of Environmental Engineerim? and Food 
Protection and, more recently, the Office of Solid 
Wastes, has been instrumental in conductinjj and 
encouraging basic research in solid wastes. The 
Officii of »o\id Wastes is presently cooperating 
with the Tennessee Valley Authority in a demon- 
stration of composting municipal refuse and de- 
termining its application in an agricultural region. 

Commercial Agendea 

Proposals for the solution of specific solid wastes 
problems come from three types of commercial 
enterprises: 

1. Agpncies engaged in the manufacture and 
sale of equipment used in solid wastes collection 
and disposal. 

These agencies include manufacturers of refuse 
collection trucks, specialijJed materials-handling 
vehicles, earthmoving equipment, waste-storage 
containers, and incinerators. Some manufac- 
turers spend considerable time and money in sales 
promotion for equipment, systems, and processes. 
Some use excellent motion pictures and other aids 
to demonstrate the suitability of their products. 
Many small communities receive little other in- 
fonnation or guidance for their solid wastes 
problems. 

'2. Agencies engaged in the marketing of solid- 
wu?<te (lisi)osal processes, usually patented. 

The feasibility of these processes may depend 
upon t>xpe<'ted profit or economies such as sale of 
salvage and end products or reduction in disposal 
costs. These proposals have two things in com- 
mon : ( 1 ) They depend on careful segregation of 
,«oli(l wastes before or 8ul)sc<]uent to collection, and 
{'2> they pn^pose solutions for limited portions of 
solid wnRt<\s nnd st>lve nothing "•y'th respect to the 
remainder. Early failure has been all too common. 
Conjpottting and aestructive distillation (carbon- 



ization) have been attempted in areas where the 
market for compost and charcoal has been far 
below design estimates. Such processes may find 
their place in the total solid wastw disposal pic- 
ture, but they are not i^anaceas. 

3. Agencies operating private solid-waste dis- 
poeal systems. 

Contract collection of municipal refuse or solid 
wfistes from markets and industrios and the eon- 
tract disposal of solid wastes are all very much a 
part of solid-waste practices. Although sewage 
collection and disposal is almost exclusively a gov- 
ernmental function, solid-waste collection and;dis- 
posal operations in the United States are divided 
between private and public agencies. Most major 
cities in the United States conduct their own mu- 
nicipal solid-waste programs, but there is no pat- 
tern for the small communities. By contrast, Eu- 
ropean practice is almost exclusively govem- 
•mental. Several cities (Omaha, Phoenix, and 
Houston) have solicited bids for privately oper- 
ated solid-waste disposal facilities. The private 
composting plant at Phoenix has been discon- 
tinued andOmaha is reported to have rejected all 
bids. Houston has let bids for an incinerator and 
a composting plant and two more compost plant 
bids are pending. A private firm is building a 
compost plant at St. Petersburg, Fla., on contract. 
The public health and safety aspects of solid 
wastes disposal should receive careful considera- 
tion when a determination is being made as to 
whether a system should be based on profit incen- 
tive or upon governmental motivation. Where 
salvage is involved, private enterprise may be bet- 
ter able to adjust to market fluctuations. 

Consulting Smitary Engineers 

Proposals to solve solid wastes problems origi- 
nate as a statement qf the problem by a client; 
only then is a solution afforded by the consultant. 
Consulting sanitary engineers will continue to pro- 
vide solutions to solid wastes problems on specific, 
local bases. Consulting saniUry engineers are not 
usually funded to pursue research beyond the 
needs of their clients, although a limited amount 
may be necessary for them to remain competitive. 
Studies by consulting sanitary engineers are 
usually limited to a single city, but recentiy sev- 
eral countywide studies have b^en proposed and 
at least two have been undertaken. Relatively few 
sanitary engineering firms make a realistic etfort 
to understand the solid wastes problem, although 
they have an impressive array of specialized en- 
irin^ering talent. Consulting engineering services 
have not vet been applied to generalized solutions 
of the solid-waste problem, perhaps because of the 
lack of a' suitable vehicle to coordinate use of such 
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talent. Many consulting engineers^ have long 
shown little interest in the solid wastes field, since 
for years sewerage and water-supply projects have 
been the sanitary engineer's *^stock-m«trade»" 
Now that solid wastes problems are receiving 

Sreater attention, many firms are recognizing 
10 business potential and (ratlier hopefully) 
list *^soli<l wastes" as an added anecialty. There 
is a current need ^or a several-fold increase in 
consulting service for solid- waste disposal and 
a rapidly increasing future nee^^ The problem 
of judging which hrms have capability in the 
solid wastes f^.eld is difficult for local officials. 

Extent That Technology I§ Presently Avail- 
able 

Tho tei*hni)l<>i?y of soli<l wastes management has 
Uoveloped, as nave most other technologies, by 
gradual improvement of equipment and techniques 
to alleviate problems. 

In order to present the current state of the art 
in sol id- waste management rationally, if is neces- 
sary to e:can\ine solutions in terms of problems. 

Solid Waste Production and Initial Handling 

Solid waste is produced throughout the world. 
The problem begma with the jgathering of solid 
pastes for coUei^tion and mav mclude separation, 
bundling, or other types of preparation. This 
function is usually performed by the producer — 
thu householder or business operator. 

A change in this procedure is the use of gar* 
bage grinders. This change was due to house- 
holder demand for added convenience and sales 
ingenuity on the part of manufacturers. This has 
demonstrated that the householder may be willing 
to make the required capital investment for refuse 
disposal* Similar changes may support convert- 
ing even greater fractions of solid wastes into the 
liquid-waste management systems. 

Collect ion Systems 

III urbanized society, collection vehicles are 
periodically sent through the neighborhood, gath- 
ering acculnulated wastes. Motorized heavy 
equipmont now allows greater loads to be carried 
by each vehicle, and emptying refuse is much more 
convenient. Increased vehicle capacity, speciali- 
zation, and range permit 5 selection of remote dis- 
posal sites. 

Time and motion studies have been made to de- 
termine whether rof use should be stored and picked 
up at tlu^ rear of the house or whether the house- 
holder should place refuse at the curb for collec- 
tion. Studies have also been conducted on the sep- 
aration of salvageable items at the point of origin 
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so that salvage would help defray the cost of refuse 
disposal. IKmbw systems of mignetic and ballistio 
separation, subaeouent to collection,.are pnwanUy 
bemg investigated and operated on a limited scale* 

Trat^portatian 

Vehicles designed for collecting refuse are not 
suitable for transporting refuse any great dia* 
tance* The specialized nature of the loading and 
packing devices on collection vehicles in^^reases 
their c<^t. and it is not good economy to have them 
out of collection service during long hauls to the 
disposal site* For this reason^ refuse transfer 
stations, where the collection vehicles are unloaded 
into large-capacity trucks for.bulk delivery of re- 
fuse to the disposal site, have become ecouonuca!ly 
f easibl \ Systems-optimization anal vses of collec* ' 
tion and transportation schemee arenelpful in de* 
signi ig such systems to meet the wide variety ot' 
local conditions which influence the total cost ox 
transportation and disposal* 

Diepoaal System 

Disposal systems may be of two types: (1) Dis- 
posal without provision for salvage or energy re- 
covery; and (2) disposal with partial^ or nearly 
complete, recovery 01 salvageable material and/or 
energy. 

Disposal Without Material or Energy Recovery 

The following disposal meUiods are in common 
use in the United States : 

1. Open dumps* 

2. Sanitary landfills. 

3. Central incineratio^.* 

4. On-site incineration. 

Open Dumps. ^Open dun^ps, although eonunon 
in the United States, cause a variety of difficulties, 
including the production of rodents, moequitoe, 
^ fires, and odors, and are unsightly and offensive to 
'nearby residents* Sanitary landfills can replace 
dumps at relativc^ly small additional expense. As 
the welfare of the country's smaller towns im- 
proves, open dumps may be eliminated with only 
slight prodding on the part of public health and 
p\tblic works agencies. 

Sanitary Landfills. A sanitary landfill is an en- 
gineered burial of solid wastes. The problems 
common to open dumping do not develop* The 
technology of sanitary landfills has been improved 
by research to determine such factors as the depth 

. 1 TecbnicaHy •peAklnt. tbert a f«w 4tiatiinc#*i wi>er» tntrgf 
in recoTered heat. Thli r«prtMnU it Tery tnaU traeUon of tAt 
total tnerc/ araUablt. 
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of compacted earth cover requiretl to prevent in- 
sect^ rodent, and other vector infestations; the 
dan^rs of leachate reachinj? and contaminating 
jnound wat«r; the amounts and types of gas pro- 
duction and movement within the soil; the rate 
of settlement^ and many other features. A sani- 
tary landtill c^n be a very desirable asset in a com- 
munity since, when completeii, the site can be tised 
for such purpok\s as recreati(>n and parking or 
light ^mstruotion.^ An excellent sanitary land- 
fill may lye conducted for a total cost of ap- 
proximately $1 per ton of refuse disposed (in- 
cluding amortization of land costs). Problems 
such as underground firos and dust nuisances 
create<i during construction result from careless 
operatior ami are easily minimized by careful 
management* 

Municipal Itwim^ratian. Many U.S. communi- 
ties, particularly the larger ones, use municipal 
incinerators to reduce the volume of solid wastes. 
Noncombustibles are either collected separately or 
passed through the furnace along with the other 
refuse. Magnetic devices may be used to separate 
ferrous metal from the ashes for salvage. In- 
cineration reduces the rate at which land is used 
by one half to a third of that required for sanitary 
landtilling. The oi)erating cost of large-scale in- 
inerators generally runs from $4 to |5 per ton, 
mcluding ash disposal c ^ts* 

Since transfer stations can be built and the waste 
transported to landfill. to 50 miles distant at 
a total cost of less tha . per ton, a community 
should seriously consid-ji such systems as competi- 
tive with incineration, if suitable landfill sit^*;5 are 
available within this distance. 

No current municipal incinerators are consid- 
ered acceptable where chmatological conditions 
create severe smog concent rations* Conventional 
designs can bo used only at low (half noimal) 
charging rate« if Los Angeles' incinerator stand- 
ards are to be met. Although the incinerators 
may be equipped with ele^^trostatic precipitators to 
control particulate emissions, either or these al- 
ternatives increases incineration costs by an addi- 
tional $6 to $8 per ton. 

Incinerator equipment manufacturers are de- 
veloping improved furnace equipment. Publica- 
tions on tiiis stihject represent perhaps one-half the 
literature available in solid-waste disposaL 

(hwsitt' Iru ineratioru Incinorat4)r8 for ofTective 
disposal of C()mbustib!c solid waste in the home 
and for apartment buildings and small business 
or comn)?rcuil establishments, otTer great promise 
for nxiucing tlie volume of solid wastes at the 
source. Present designs are generally inadequate 

• In a ffw »'iis«»« %vh<*rn l.nn<! valii<>s havi» ln<»r»Mi«i»<i ph*»ti'»m 
tlon« t<« maki* btiiuntiji «>n tlll» A pra<*tt<*allty 



and such incinerators contribute significantly to 
air pollution. Additional researchi developmenti 
and demonstration are needed before Uiis f onn or 
onsite incineratjion can be effectively applied to 

the solution of solid-waste disposal problems* 
Some communities still permit backyard burning 
of refuse as an onsite disposal method. This in- 
efficient process invariably produces smoke prob- 
lems. It remains in use m isolated communities 
and rural areas, but poses serious problems* 

Other Methods. Municipal refuse has been dis- 
posed of at sea, but remnants drift back to shore 
and this method of disposal is not being used on 
any substantial scale in the United States. It may 
have potentials if solid wastes can be processed 
so as to cause them to sink to and remam on the 
ocean floor* 

Disposal With Material or Energy Reclamation 

The following methods are in use, or have been 
used, to dispose of waste and to salvage material 
and energy : 

1. Grinding garbage to the sewers. 

2. Feeding wastes to swine. 

3. Fertilizer production. 

Ground Garbage to the Sewers. When garba^ 
is ground and discharged to the £3wer, most of it 
is t^reated in the treatment plant's digesters. Ad- 
ditional methane which is produced by the digest- 
ers can be used as a supplemental or primary 
source of fuel. Digested sludge may be dried and 
used as a low-grade fertilizer or soil conditioner. 

Research has been conducted on the effects of 
varying amounts of cellulose in sewage sludge and 
its effects on anaerobic digestion. This research 
iTidicates that much of 'he paper (cellulose) frac* 
tion of refuse might be amenable to diges- 
tion and hence, if it ecu id be shredded and de- 
posited in the system, it would present little 
problem and considerable potential to the produc- 
tion of methane gas (increased digester capacity 
would of course be required) . 

Feeding Wastes to Swine. In the past, many 
citie« disposed of garbage by feeding Jt to swine. 
To prevent the spi^ead of vesicular exanthema in 
hogs, and trichinosis in humans, laws were enacted 
to require that garbage be steriliised by cooking 
before it could be fed to animal?. Where wide- 
spread use of household jparbage grinders has re- 
duced the amount of garbage and where the costs 
and inconvenience of separate garbage collection 
are excessive, feeding of garbage to swine has 
declined. 

OrgiUMi: commercial wastes and restaurant and 
institutional gnrl)a^^e are sometimes still fed to 
swirits >\iwKs such wastiv*; are amenable to cooking. 
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FtrtUiMt Prodiifitioik Compoit«d xefuM hM To help ey«luat« the ovenU nerint for ocxn- 

eome fertiliMr and aoil conditionar poteatiils. mercUl orgftnio mul(^, it may m notfM that deuy 

Compoeting is widbjy practiced in Europe, einoe manure inLoe Angelet has • value of » negative |b& 

European agriculttufal practices hare lomr used a ton f .o.b. the dairy and in Arixona the value 

manures andcomposts and there is an established of steer manure is sero and is dropping* 

market for compost. The U.S. market for com- An integral part of oomposting is the sspara> 



Composting ventures have failed in this cou^^ presently the salvage value of these materials is 
try, except for a few relatively iunall plants. barely sufficient to pay for/the cost of separation. 



post does not appear as favorable. 
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A major obstacle to the solution of solid wastes 
problems is the lack of an awareness on the part of 
governmental decisionmakers that the problem 
even exista This lack of awareness exists et all 
levela, including the mayors and councilmen of 
oitieiy county supervisors. State administrations, 
and, until recently, at the Federal level. The 
Solid Waste Disposal Act, Public Law 89-^272, 
enacted late in 1965, marks a new awareness at the 
Federal level. TheOfficeof Solid Wastes has been 
established within the Public Health Service to 
cari^ out the comprehensive program authorized 
hy this legislation. At a study conference held at 
Cincinnati in 1964, some 30 solid wastes specialists 
stated unequivocally that the most pressii^ need 
in the solid wastes field is for a concerted enort by 
the Federal Government to make top-level officials 
at the State, county, and local government levels 
aware that a serious national problem exists in dis* 
posing of solid wastes. The study group also rec- 
ommended a number of l*day or 2-day informa- 
tional courses to be held regionally by the Public 
Health Service, to be followed by a national con- 
ference on solid wastes to dramatize the problem 
and provide news and information meaia with 
information on the scope of problems and the 
fundamentals of solid wastes management. 

Technological Obstacles 

Presently accepted practices for solid wastes col- 
lection ana^disposal have been littU changed : Col- 
lection vehicles usually turn out to be slightly im- 
proved copies of last year's models— except for a 
modest ^'breakthrough** occasionally such as the 
one-man right-hand drive vehicles being tested on 
the West Coast Incinerators are not ^atly 
changed^ but refractories and internal equipment 
are gradually being improved. ' Sanitary landfill- 
ing IS refined to the degr^ that it is an acceptable 

Sractice in Los Angeles County, even when con* 
ucted close to $125,000 homes. 
Composting has been researched so that there 
now are a number of documented processes that 
produce acceptable compost from solid wastes. 
The technological obstacles do not lie in failure to 
understand the currently used processes; they lie 
in a failure to develop new or miproved alterna- 
tives. Even systems analysis l)erome3 useless 
whtm existing systems have been refined by trial 
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and error methods until very little refinements 
can be made, even by rigorous mathematical treat** 
ment. Technological oostaclee to the solution of 
tiie solid wastes problem are found at the most 
basic level of the system; i.e.^ the entire ^^hard- 
ware'' structure is rased upon refinements of aim- 
pie techniques that have teen little changed for 
many years, a. 

As an example, a cursory consideration of the 
megalopolitan developments occurrinfr in major 
cities indicates that preeent-day "onsite'* storage of 
refuse is not appropriate for multiple dwollmgs. 
Special incinerators, collection, ana storage sys- 
tems have become essential A piped pneumatic 
collection system for sewage ana sofid wastes 
might be feasible. In the Garchey system, solid 
or semisolid wastes, including cansu bottles, paper, 
garbage, sewage, rags, etc*, are all conveyed to a 
centriu holding tank for collection by special 
trucks and subsequent treatment by burial or com** 
posting. Technology in the field of tbolid wastes 
systems for Intensely developed communities in the 
United States is generally inadequate* 

Obstacles Created by the Vested Interests of 
Existing Institutions 

The intererts most likely to present obstacles to 
changes in the field of solid wastes may include 
equipment manufacturers, salvage proceas owners 
and patent holders, operating agencies, and some 
consulting and public works engmeers* 

Equipment manufacturers have the most to lose 
in any major technological breakthrough. Devel- 
opmental costs on specialited refuse collection and 
solid mdustrial waste collection vehicles are sub- 
stantial, and the annual purchase of collection ve- 
hicles is estimated to be between $75 and $100 mil- 
lion. New developments are unlikely to affect the 
economy of this industry for a decade or more, but 
reductions in vehicle collection of solid wastes 
probably would be resisted. 

Salvage process owners and patent holders are 
directly affected by changes in public policy on 
solid wastes management. A large salvage firm in 
Ix)S Angeles almost ceased operations after the 
city discontinued separate collection of metal. 
Patent holders in composting, destructive distil- 
lation, or othor such salvage operations will surely 
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milt lolid wMUi ly itMiia thit wdacU »pplioatioa 
of their proceaaes* 

Private companies in the solid wastes collection 
field will most likely object to any changes that 
would transfer the operation to the use of munic- 
ipal sewers and sewage treatment plants before 
tneir existing disposal sites were fiUeid to capacity* 

Engineers, both public and private^ have vested 
interests in the techniques that they know best 
Incinerator specialistSi composting experts, trans* 
portation consultants, and others may find that 
changes in technology i»ould require retraining 
and perhaps temporarv economic dislocation as 
new ideas are developea and adopted. 

Obstacles Created by Market Considerations 

If the exi)er!vnce developed through the sale and 
use of kitchen food*waste grinders is an indication 
of the market acceptance of new and improved 
solid wastes systems in general, the public can be 
expected to pay a reasonable cost for convenience: 
the cost to the ixouseholder for owning, using, and 
replacing garba^ grinders avera^ about $0.75 to 
$1 a month* Smce many municipalities provide 
weekly pickup of all refuse at the curbs, there is 
little profit to the homeowner in operating his own 
garbage grinder. How successfully other forms 
of solid waste can be disposed of without home 
storage and trur-i collection remains to bo seen. 
Costs to the homeowner for such service may well 



be greacir than piisent^y «oits» More impor* 
tant, present-dav collection and disposal techniques 
may not meet tne standards we are setting for fa* 
ture urban and metropolitan development. His- 
tory suggests that people will demand the hmt 
service their technologists can provide them^ if 
the cost is within reason. 

Politicftl Obstaeles 

Without a plan havmg as a basic element State 
and interstate planning ai^d cooperation among 
local jurisdictions, the fragmented activities and 
uneconomic duplication of disposal :f acilities will 
continue. Although the cousAy is frequently the 
most logical unit of local government to provide 
solid-waste disposal services, only 10 States have 
laws which provide their counties with the ena- 
bling legal authority and the administrative tools 
nee&d to carry out the work. Where metropoli- 
tan areas cover parts of several counties^ other 
operating disposal agencies will have to be devised 
and organized to provide the advantages of area- 
wide planning, disposal service, and economy of 
scale. An example of fragmented jurisdiction 
within the total urban-surburban-agricultural 
complex that constitutes a modem cononunity is 
the San Francisco Bay area. Here there are 88 
agencies responsible for solid-waste disnosaL each 
seeking to dispose of its refuse in the other's back- 
yard at 77 separate sites. 
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IV. Reeommendations 



1. Alert decitiontntking public admmiitr^iocfl 
throughout th* Nationtolh* mtwa ntturj ^ ^ 

of AAmtX l«d»y oonftmoes to tuch th* Iw 
ItTtli of iolid wMtM numftgomynt w«>onwbiU^. 
ThMt oonlewnowmay imwuibly oonUnue for ad- 
ditioiwl dayi to mtrt tho.tmmng n«*di of public 
works oMoitlt wd lupwywory •mplojfioc* 

% Enhtnot efforti toward national r«50gmtion 
of tha iolid waatwi problem through support of a 
national oonfarenca on solid wastes management. 
This would encourage news media to alert the gen- 
eral public to support long-range planning, re- 
search, and development efforts. 

8. Support full implemenUUon of Public Law 
«>-872, the Solid Waste Disposal Act, which pro- 
vides funds for needed research, demonstrations, 
training, surveys,, and planning in all wpecta of 
solid-wiite handling, partwuJafly to develop new 
and improved methods of solid-waste disposal for 
urban, suburban, and related industrial operatic«ns. 
Review eflecte of this le«isl^ion to determine if 
any changes are desirable after the first year oX 
operation. 



4. Bnoouraga a oompteheBilva itady of Um 
market for siTvagedidUdwaitii (P^vimi^W' 
from) at an eoonomio guide to m fsadbUity of 
oompoetittg, destructive distillation (oarboQii*- 
tlon) , incinerator waste-heat reoovary, metal r^ 
oovery (aa from oar bodisa), glass woovety, and 
fiber Mcovery. No valid eatunate of the true eco- 
nomic role of an individual salvage process can 
be made until such broad market surveys are com- 
pleted. 

5. Encourage research directed to the develop- 
ment of completely new systems of solid wastea 
collection and disposal. 

6. Conduct research and development aimed at 
rwducing air and water pollution and solid wastea 
into bamc residuea, taking into consideration such 
reductions as may be posaible through reuse po- 
tentials. Conduct demonstrations in experimental 
regional environmental designs which incorporate 
residuo management systems. 

7. Keview the effect of recent Federal solid- 
waste legislation to determine if any changes are 
desirable after the first year of the program. 
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DATA TECHNOLOGY A POLLUTANT? 

This is a module of' instruction which is designed to be 
included in a course about science and technology for the non- 
science student. The objective of the module is to make the 
student aware of a specific technology, the reason for its 
development, and the effects. 

The underlying discussion and presentation is conceptual, 
thus no previous knowledge is needed nor any special equipment. 
The module develops the need and origin of. data, the conceptual 
specifications of the technology and the effects on the individual 
and society. 

« 



B2^CKQR0UliD INFORMATION 

The "time is 3 A^M, The day is July 16. The temperature is 
70°. The weather is clear. The wind is from the South-West at . 
7 mph. A chemical plant located 30 miles south-west of a large 
metropolitan area has just devdoped a crack in its air filtering 
process. As a result, a gas is being released and is escaping 
at a rate which will cause anyone who inhales this polluted air 
to be immediately and dangerously afflicted. This pollutant is 
non-odorus and heavy, remaining for a. long period of time without 
dilution. 

The chemical plant operating supervisor becomes aware of the 
leak at 4 A.M» and bypasses the faulty air filter to a stand-by 
unit. An inspection of the damaged filter does not reveal if a 
pollutant may have escaped. He notes the occurrence in the 
operating log so that the filter may be repaired. 

Seven miles away in the direct path of the wind from the 
chemical plant a small van, several strange looking projections 
spin around like radar screens. At 4:01 A.M. a typewriter device 
at the Air Emergency Office of the National Environmental Control 
Center, located some 300 miles from the large city, starts typing 
and at the same time a loud alarm sounds. The night operator goes 
to the typewriter, pauses to read the message, and immediately 
calls the afflicted area Emergency Air Pollutant Control Center 
which has stand-by aircraft ready on-line. These aircraft are in 
the air by 4:15, seeding the path of the air pollutant with a 
neutralizer. 

This short fictitious story could very well be true. The 



huMn night aup^rvisor pmxtotwmd what hm oould do 9iv«n thm facts. 

The van alao performed what it wa» to do given the facts. The 
night operator at the Air Emergency Center did what he did, given 
the facts, and the Air Pollution Control Center did what it was to 

do, given the facts. 

That is what data technology is all about - gathering, 
manipulating, and disseminating information. The van had special 
air pollutant sensors taking readings every minute (gathering)? 
the readings were tranraitted to a small computer in the van which 
compared these readings to previous readings and to standard norms 
determining a dangerous situation (manipulating) j then the computer 
•called' the Air Emergency Center informing the center of the 
situation (dissemination) . 

Without the technology, it is conceivable that a disaster 
may have occurred. The situation as described is almost beyond 
human control. The ability of humans to manually sample the air, 
perform analysis, and determine a trend every minute without error 
and without tiring is almost impossible. The massive amount of 
facts which occur every minute is staggering. 

From a commercial view, a corollary situation is the record 
keeping of checks. Over 2 billion checks are handled in one year. 
The checks must be collected by the bank, an adjustment made to 
the records, comparison made on the balance, and the determination 
of how the check should be handled. A tedious task, collecting, 
processing, and distributing checks not suited to humans. 

Again, data technology has fulfilled this vital function. 
Machines have been developed which sort the checks and distribute 



them to the correct bank, computers which perform the bookkeeping, 
and printers which disseminate the balances. 

Data technology has a Dr. Jekyll-Mr. Hyde character just as 
most technologies. The ability to collect minute details of 
enormous magnitudes, process it, and disseminate it can be viewed 
as the advent of 1984. Data technology misused or mistake.-ly used 
poses a serious threat to man and society. 

The effects of data technology on man can be viewed from two 
positions. A positive view would be the release from menial tasks 
a negative view would be the haunting aspect of knowing that every 
action is being observed and recorded. On society, a positive 
view would be its ability to assist in maintaining and improving 
its health, a negative view would be the fear of society to 
congregate or speak. 

Again, like most technologies, its threat is not recognized 
until sometimes it is too late. Unlike most technologies, the 
threat is so subtle, the effects so unconsciously felt, that it is 
even more important to recognize the dangers. Webster's 7th New 
Collegiate Dictionary defines POLLUTE as: 

1. to make ceremonially or morally impure: 
DEFILE. 

2. to make physically impure or unclean: 
BEFOUL, DIRTy, TAINT. 

^ Synonym is contaminate. 

The definiti-^n pollute with the potential dangerous aspect 
of data technology raises the question that it may very well be 
considered a pollutant, if so, then it must be recognized and its 
use controlled. However, at this time few people consider it 



dang«rout bttcaus« fw p«opXa are conaciously aware of it. 

To become aware of data technology and it* use, one must 
concei)tually understand certain words and their usage. The 
starting point is finely differentiating between three words — ^ 
fact, data, information. A fact is a specific happening, an act 
or a thing done. To des .ribe a fact, it must have relative 
identification such aS time, measurement, frequency of occurrence, 
fiome facts are continuous, never separating in any instances in 
time; some are discrete, measurable and separable. Regardless, 
the number of facts occurring in any instant in time, from chemical 
reactions to births and deaths, are very large approaching 
infinity, 

A fact, however, is meaningless unless it is recorded, so 
that at a later time it may be used by itself or with other recorded 
facts. The recording of a fact brings to usage another word- data • 
Data then is a recorded fact. This, causes a priority as to what 
facts will be recorded, which will not. The infinite number of 
facts occurring means some selective process must be used to 
convert them into data. When recorded, the fact must be given 
reference - identification. This further complicates the recording 
introducing inaccuracies and absence of certain references. At 
the same time, identifying the fact, also dictates the method of 
recording the fact, therefore, the data. Data gathering (fact 
recording) required in most cases, whether scientific or commercial 

data technology. 

The technology developed to automatically detect facts as 
thoy occur is called source data automation. It ranges from 



sensors which transmit signals to a central location to magnetic 
ink character recognition equipment whidi magnetizes the preprinted 
numerals on checks and 'senses' their numeric meaning. Once the 
data has been detected, it must be recorded. 

Several types of technologies to store the data have been 
^developed. Regardless of how data is actually stored, the 
important point is how the data is organized and retrieved. Data 
c^n bo stored by ordering it on one of the facts identifiers, sucl> 
as cho-y' :al components or checking account numbers, and placing 
the data in a consecutive order. Or data can be stored with no 
apparent order but its location can be determined by an index or 
formula thus providing for a method of retrieving. 

Once the fact is recorded, it can then be processed in some 
manneV which will make it meaningful. If it is not processed nor 
ever Ujsed in its caw form, the fact remains data. By processing 
it and^ having it used by man, the data provides information. 
Information then is data which has been usei in meaningful manner. 
The worA meaningful does not imply usefulness or correctness. 
This is where data and its technology may become a pollutant. 

The technology which supports the functions of fact to data 
to information is a system of devices. With source data automation 
technology the data can be gathered without manual intervention. 
With computing technology, which can process data in nanoseconds, 
the three can be tied together to provide information in seconds. 

Data needs to be stored and accessible to computers. Another 
example of technology is termed mass storage devices. These 
devices hold millions of characters which identify the facts. 
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Thi» •qulpmtnt !• the i^»c««s«ry backbone .o| data technology 

capabilities. Two devices in popular use is the disk and tape 
roechanisras. The disk provides for immediate access to data, where 

* > 

as tape provides for greater storage capacity. These two devices / 

/ 

can b^ compared to a phonograph and a tape recorder. Assembling / 

./ 

the technology into a system can provide information to end-user^, 
persons or other technological systems, over and over at fractions 
of a second. 

These systems of data technology have provided great benefits 
to man and society. An example is the automatic reservation system 
allowing one to travel without regard to hotel and transportation 
problems. Multiphasic health testing centers as mentioned in 
TMMW is an example of the benefit to society. 

These systems of data technology can also be detrimental to 
man and society. If a person's facts are mixed with anothers, 
it is possible to cause great personal harm such as rejection of 
credits. Society conformity, necessary for maximum utilization 
of data technology systems, can suppress creative thought and 
action. 

The effectiveness of data technology, it being able to do 

things for man and society which never could be done before, has 

pushed for more and more systems. Government and commerce are 

calling upon more installation of the systems. Their justification 

is effectiveness. But effectiveness is only one consideration. 

The mass of data being assembled and just n^ being processed has 

also the potential of polluting our society by the invasion of 

the individual's right to privacy. 
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ACTIVITY #1 - iPENTIFYIMO FACTS ^ i ■ 

... 

s Notes to the^ Instructor -This activity is needed to get a 
' ' common agreement to the word "fact", to generate an 

awareness of facts, to get a feeling for the num33er of 

different fact^s, and to get a feeling for .frequency of 
: a fact in time and space, Uhe instructional meth6d lis 

to present a definition or concept, present an example, 

and to- jfieTve the students apply. • 

Instructional Objective - to make the student aVare of what 
a fact is, of different types of facts, and the fre- 
quency of facts. 

H • 

/ 

Instructional Method 

1. Present a for|nal definition of the word "fact" - an 
act, a thing ^'done. An act or a thing done, maybe 
thought of an an incident, an oocurrence, a 
transaction 

2. Present an example such as 

"••The carboji monoxide was 10 ppm at air 
pollution monitor station #3 at 4:00 
p.m. on July 4" 
* 

3. Present the concept of relative identification - 
a fact must have material substance, and for the 
human it must be pefheived by the senses. It must 
be able to be described by its concreteness, that 
is, it must be able to be specified. It is iden- 
tified by its measured relation to other facts. 

' 4. Present step 3 by referring *to example in 2. 

"10 ppm at air pollution monitor station 
#3 at 4:00 p.m. on July 4" 

• 5. At this time have the student list 10 facts with 

identification. After a short time ~ possibly 
5 minutes - have one student list these facts on 
the blackboard. / 

6. Lead discussion to examine whether these are facts, 
and to stress the wide number and variety of facts. 

7. Present the concept of frequency ~ facts which have 
\ the saxne relative measurements over time and/or 

space may be counted to determine the rate of 
occurrence . 



8. Present an example of frecjuency both with respect 
to time and space. Such as in step 2« If these 
measurements of ppm were counted over time, say 
10 minutes with one measurement noted per minute, 
then the frequency of 10 ppm may be noted 6 times # 
12 ppm 4 times. Or in the case of space, at the 
10 monitor stations the frequency of 10 ppm was 
observed 4 times, 12 ppm 6 times. 

9. At this time the student should refer to his list 
to determine how frequency can be noted for his 
facts . 

10. Lead a short discussion, as to methods of determining 
frequency, and how these facts can be seen to be 
large magnitudes o* occurrence, 

11. Assign the student to take one of his facts (or 
one more within his ability), determine a frequency 
according to his activity in step 9. 



Measurement of Instructional Objective 

1, Given 5 minutes, the student will list 5 facts, 
their identifiers, and the type of frequency that 
would best measure their occurrence. 



Supplies/Equipment - Handout of definition and concepts. 



Other Notes - The students will likely list facts which are 
more sociological rather than scientific. This is all 
right as it ih the awareness of facts and frequencies, 
note types of facts this session is designed for- 
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HANDOUT - 



fact - is an act, a thing done. An act or a thing 
done may be thought of as an incidnet, an 
occurrence ♦ a transaction. 



identifying a fact - 



a fact must have material substance, 
and for the human it must be per- 
ceived by the senses. It must be able 
to be described by its ccncreteneas, 
that is it must be able to be specified. 
It is identified by its measured relation 
to other facts. 



frequency - 



facts which have the same relative measurements^ 
over time and/or space may be counted to determine 
rate of occurrence. 
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ACTIVITY #2 - WHICH FACTS SHOULD B E qATKBRED 

Notes to the instructor - Any endeavor, be i^^^^^^^^i^^f ' „ 
sociological, whatever, hat a large appetite for facts. 

Each though, must compromise as to the nuntoer of dif- 
ferent fact^ it will use or else it would be "swamped". 
Thus priorities, sometimes objecwive - sometimes sub- 
jective, are assigned to various facts. 

• Tn« i ructional Objective - to make the student aware of the 
^ potential swamping effects, the need for priorities, the 
selection of a limited number of facts. 

Instructional Methods 

1. Review the assignment from step 11 of Student Activity 
#1. Was the student able to determine a frequency? 
(This is important now, and later, to develop the 
feeling for frequency and the magnitude of the 
number of facts. Technology, as developed later, 
will be more appreciated) . 

2. Using the discussion resulting from step #1 lead 
into and discuss the "swamping" effect. 

3. Present an example - such as the number of different 
facts which could be obtained in a chemical/physical 
analysis of air in air pollution monitoring, and the 
number of readings which could be taken of each. 

4. Have the student take any endeavor and have him list 
the facts which could be useful if gathered on a 
blackboard. (Fee other notes) . 

5. Have one student present his facts and challenge the 
class to develop that many more. 

6. Present the need for assigning priorities to select 
those facts which must be gathered to those which 
are nice to know. Priorities could be set up by 
group classification or by individual classification. 
The method vaxies* fxom situation to situation. 

♦ 

7. Presenr an example - such as in otep #3. Several 
facts were presented, but by taking various positions 
the priorities for the facts change. If the purpose 
is to measure pollution over an expressway the CO 
could be given a prime priority. If the purpose is 
to measure pollution over a large body of water 

some other fact would be given a prime priority. 
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8. Have the students take one position, his choice^ and 
assign priority. 

9. Lead a discussion in what his position is and his 
choices. Point this discussion to what is subjective 
priority vs. an objective priority. 

10. Assign the student to interview another member of 
the faculty or administrator to determine the facts 
they would want, and to establish a Ust of priorities 



Measurement of Instructional Objective 

1, Given "Ralph Nader" and the automobile, list 20 facts 
which would be needed to determine the safety of an 
automobile. Assign priorities from his view pojnt; 

Other Notes ~ The student will not likely list too many 
facts in #4. This is understandable because of his 
limited exposure. By moving to #5 this should help each 
student see his own limited view point and also how 
easy it is to develop these "needed" facts. The 
assignment could be a difficult one to accomplish if the 
next class meets very close to this present one. 
Allow enough time, depending on the huitiber of students, 
otc. 
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ACTIVIW #S - PACT TyPES. IDENTIFI ERS. iKACiOlRACIES 

Notes the instructors - Facts come in two types - discrete 
'and continuous. Sc ientific fscts ar« usually continuous 
where es Sociological facts are discrete. Regardless of 
type, facts when recorded are usually in the discrete 
form. When recorded they must be given reference-iden- 
fifiers. The conversion of continuous facts to discrete 
and the identifiers both lead to inaccuracies in data. 

* 

instruct iwialObiective - to develop the students ability 
to recognize types of facts, to determine proper iden- 
tifiers, and to be aware of inaccuracies. 

Instructional Methods 

1. Review assignment from step 10 - activity #2. Lead 
a discussion into the facts which the student was 
able to determine and the priorities. This is 
important for a later presentation • 

2. Present the concept of continuous facts and what 
must be done to capture them. 

3. Present an example such as the measurement of CO 

as before. Question the group as to whether it was 
representative . 

4. Have the student determine what was a continuous 
fact in their lists. 

5 Pick one fact and ask how it was noted, that is 

recorded - again seek out the problem of identifiers. 

6. Lead a discussion on what kinds of identifiers 

are needed for types of facts for different persons. 

7. An example to be presented might be again the CO 
example. It was given time,' place, and measurement. 
Take another example such as the fact of. a hamburger 
being bought - here time, place, measurement are 
again important. 

8. Have students examine their lists to come up with 
more identifiers. 
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9. Lead a discussion on how accurate the identifiers 
must be. That is the example concerning thr 
hamburger need not be accurate as to time» but 

most certainly place and measurement. 

10. Assign students to review their lists of facts 

and identifiers to determine accuracy, and to discuss 
the consequences of a fact and/or identifier which is 
not as accurate as it should be. 



Measuranent of Instructional Objective - Given 5 facts and 
identifiers, the student will determine the type., the 
accuracy needed, the probable consequence of an in- 
accuracy. 



Othfer yptes - This activity is designed to assist in having 
the student determine methods of gathe:^ing facts (next 
activity) and to develop an awareness of inaccuracies 
which is needed at the end of this module. 
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ACTIVXTY #4 <- g^THERIHQ DATA 



vtQtmm to th# mitructor - The typ«» of fact* dlct»t« the 
metKoS oF gilherlng data . Continuoua ^ facta may be 
oathered by aampling technique! or by a continuous re- 
cording. Diacrete facta must be gathered by aaapling 
or by a diacrete recording of each fact. The needed 
accuracy alao determines the metlibd. In addition* 
the identifiers may cause the choice of the method. 
All these serve to select the gathering method. 

Tnatrue tional Objective - the student will be aware that 

" diflerani gaikering methoda are aelected depending on 

type of fact, identifiers, and accuracy. 



inatinictiofial Method 

1. Review assignment step #10 - activity 3, The 
selection of identifiers, facts, and inaccuracies 
lead to choice of gathering methcxia. . 

2. Present continuoua facts, their identifiers, accuracy. 

3. An example might be CO if it reachee 40 ppm. Thie 
might cause an alarm to go of f if it continues for 
10 minutes. The continuous recording would be 
necessary. 

4. Select facts students have noted as continuous and 
lead to discussions to methodi of gathering data. 

5. Present diacrete facts, identifiers, inaccuracies. 

6. Select facts students have noted aa discretti, lead 
discussion of methods of gatherix>g data. 

7. Example might be the haniburger purchase. Gathering 
each purchase causes "swamping", however, measure- 
ment of tons in and out plus standard weight would he 
enough to determine purchase nunber. 



Measurement of instructional Objective 

Given 10 facts, identifiers, and inaccuracies, the 
student .will select gathering method and write a 
short justification of choice. 
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other Notes - Obviously the method of gathering facts 
chosen by students is sometimes impossible or im- 
practical. This should not be discouraged, because 
in the next activity this is discussed. 



' ACTIVIOY #5 - PROBLEMS OF MMTOM. D ATA GATHERING 

Notes to tha Inatructor - This activity is designed to identify 9 
the prol>lem8 with gathering data. One prbblem is that some 
choices of gathering data preclude manual recordingr for 
example, data which might be gathered in very short time 
intervals. Another problem is volume, in that the mass of 
data is beyond manual recording. Another problem is that 
some data just can't be recorded because the technology 
has not been developed. 



Instructional Objective - the student will be aware of data 
which cannot be gathered manually 



Instructional Method 

1. Demonstrate conceptually how a sample of air would be 
analyzed. 

2. Lead a discussion concerning how inadequate this would 
be for controlling stack emission. 

3. Have the students review their lists of facts, and 
gathering methods for those items which would not be 
capable of manual recording. ^ 

4. Present the magnitude of facts. That is an air pollution 
station reading 15 facts every minute times 60 minutes 
times say 15 stations. 

5. Demonstrate this problem by having 5 students rep- 
resenting a monitor station read 16 facts every minute. 
The remaining students are to listen and write down 
these facts. (This will require some coordination) . 

6. Present the problem of capturing data in a nuclear 
reaction. 

7. Have the students review their lists to determine which 
might be difficult to gather. 



Measurepent- of Instructional Objective 

1. Given 5 facts, with methods of gathering data, the 
student will determine which facts can be manually 
recorded and which can not. 



-7 
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ACTIViay #6 - DATA STORAGE 



Notes to the Instructor - The last activity demonstrated the 
problem with gathering data. This activity concentrates 
on ways which will hold the data which can be recorded, 
and how this way of storage will influence its possible 
use as information. 



Instructional Objective - the student will be aware of two ways 
^ in which data can be stored. 



Instructional Method 

1. Choose a fact which lends itself to being recorded 
manually. An example might be the mercury content 
of fish. The technology for this measurement has 
pot developed to allow a "real-time" measurement of 
live fish. This gathering method lends itself to 
manual recording. 

2. Have the students select those items in their list of 
facts which could be gathered and recorded manually, 

3. Present a short demonstration .of the two ways data 
could be recorded - on 3x5 cards or a roll of. paper. 
Lead a discussion of the advantages of each - cards 
allow for rearrangement, or for going directly to it, 
the roll allows for compact storage, original 
continuity and holds together. 

4. Lfiad a dlsoiassion about the problems associated with 
the various ways. That is the problem of sequential 
storage (roll) versus direct access storage (cards) , 



Measurement of Instructional Objective - The student, given 

^ set of facts will select a way of recording which will 
serve him to the best advantage. 



Other Notes - This objective is needed later when secondary 
storage is discussed. ♦ 
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ACTIVm #7 - PROCBSSINQ DATA 

/ 

Notes to the Instructor - This activity is designed to develop 
'■ an swsreness of how dstm rosy be processed. Only three 
methods are chosen - the single piece of data, ^he 
Bununari«ation of data, the collection and merging of 
apparently unrelated data, 

Instructional Objective - to make the student aware of three 
data processes 

Instructional Method 

1. Present the concept of data, one recorded fact, 'which 
would be of importance without any processing. An 
example might be a reading on the Richter\Scale. 




2 . Have the. students identify from their lists whidi 
data by itself is important. 

3. Present the concept of summarization of data. An 
example might be the summing and averaging of CO 
readings for an hour, 

4. Have the students choose those items from their list 
which could be processed in this manner. 

5. Present the concept of collecting and merging un- 
related data. An "example might be the measurement 
of BOD in water supply at one poin^ of the river, 
and "fish kill" at a farther down river point. The 
point of this example is that a water pollution 
station gathering its readings would be gathered and 
saved by one ^method, the observation of the "fish kill' 
by another, but the relation of BOD may explain the 
other. 

e. The students should observe tl>eir lists to determine 
if two unrelated data could be assembled for more 
meaningful information. 

7. Arrange the class into a seating arrangement which 
forms an- "X". At each qf the outer points of the X 
give each student one different sentence of a four 
sentence paragraph. Have them whisper it to the 
next person in line. The game is to see if the center 
person can assemble the paragraph. This activity 
demonstrates two points; the problem of communication 
and the problem of processing. 
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Measurement of inatructiohal Objective - Given 4 apparently 
"" ■ unrelated facts, identify one which needs no processing, 

one which could be "average", and two which would be 

important if merged together. 

Other Notes - This activity sets one of the most important 

points of this module? the assembling of unrelated data 

to form a meaning. If students cannot find any data in 
#7 which covild be related, this is understandable. 
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ACTIVITY #8 - DELIVBHY OF DATA 



Notes to the Instructor - The flow of processed data to the 
"end-user^* is a definite problem. Some data has an 
immediate use* with a very short useful life« others 
are so voluminous 8-5 to be two difficult to transport. 



InstruAional Objective - to make the student aware of the 
problems of getting timely data to the "end-user" • 

Instructional Method 

1. Review the little game from the last activity, step 
#8. Interview tne center student to see what problems 
he had, especially the probable problem of getting a 
"garbag^d" sentence from the passers. 

2. Preseht'the problem of "closing the barn door after 
the horse; has left". Example might. be the CO problem 
of activity #1. If the readings were established by 
chemical analysis in the laboratory then sent to an air 
pollution control center, the data would be too late, 

3. Have the students review their list for any data which 
should be processed and used immediately. 

4. Present the problem of "swamping". The processing of 
large amounts of data for an average. Example - 32 
pollutiion monitoring stations, with 16 possible 
pollution measurements, with a reading every minute. 
Have the students calculate the total number of 
readings in an hour. Have them add up a list of 60 
figured, and take timings. Bstal?lish an average 

time arid have them calculate how long it would take to 
produce eacli average, for each measurement, for each 
station. 

5. Have thie students select a fact from their lists, and 
calculate how long it would, take to produce an 
average. 

i 

6. Review !the difficulties associated with timely processing 
of datai. 

I 

Measurement of .Instructional Objective - Given a number of 

different djata recording devices » recording data at such and 
such rates,! and 'working with average time of averaging 
, calGulationjs, calculate theAtime it would take to pro- 
duce a series of averages. 



Notes to* the Instructor Data when used is information, but 
how it la put to use, that is good or bad, i« not the 
question. 



Instructional Obiective t- to make the student aware that data 
being used is inigormation, but that information used for 
"good" or "bad" i^a not a criterion. 



Ips^t ructional Method 



1. Announce that data gathered and processed is arriving 
at a useful time for the "end-user". Explore ways that 
data could be used. Example: CO measurement could be 
used by health authorities, manufacturing industries, 
etc. 

2. Let thcr student select various ways his data could 
be used. 

3. Present the concept of misuse of ^ata. Such as the 
possible mercury level readings iii fish being used to 
shut dovm the fishing industry. 

4. Let the student select various ways his data could be 
misused . 

5. Assign the students to review current articles which 
discuss some action proposed based on data. In the 
review, point out problems of gathering data, of 
timely distribution, and possible misuse. 



Other Notfes - This last part of this activity could, create 
a long discussion on misuse. It is not the purpose at 
this time to discuss this only to make them aware. Avoid 
, any lengthy conversations. 



1 fi 
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AC TIv m »X0 « TECaNOLOGy FOR INFORMATION ^ _^ 

Notes to the Instructor - The previous section of the module 
^ discussed data gathering. and processing, without the aid 

of any technology. The student has by now recognized 
the need for this equipment. This activity im to intro- 
duce the student to this equipment. ^ 



Instructional Objective - the student will become aware of the 
"•"^ technology for information systems. 



Instructional Method 

1. Present the concept of automated source gathering 
equipment, the computer, and communication systems. 
Rely on the examples of the past - using "wouldn't 
it b& nice to have" approach. The actvjal equipment 
will be discussed in some detail in later objectives. 

2. Build a block diagram of a simple information system 
(see handout). 

3. Have the student diagram a similar system for one of 
his facts. 

« 

4. The student • should probably come up with a similar 
diagram. Comment on the common system serving 
multiple users. 

5. Discuss - Source Data Automation - the ability to 
gather data without the manual intervention. 

6. Have the student select facts from his list which he 
believes could be source automated. 

7. Discuss tele-communications - the ability to use 
existing telegraph and telephone lines to transmit data. 

8. Have the student select that data which he believes 
could, and should, be sent via communication. 

9. Discuss computing systems - the ability to store 
and process data at very nigh density and speeds. 

10. Have the student select that data which could and 
should be processed by computing systems. 
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Measurement of Instructional Objective - The student will 
be given a fact arid its use« Describe an information 
system which would use technology. 

Other Notes - This section introduces the technology in an 

overview fashion. It is not designed to go into detail. 



f 



23 



erJc 



HANDOUT - INFORMATION SYSTEMS 



Gathering Data - a symbol 



Sending Data r a symbol 




Processing Data - a symbol 




Displaying Information - a symbol 




An Information System in Symbols 




Process 


\ 


-J 


Send 
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[ [" , ACTIVITY #1X - DATA GATHERING TECHNOLOGy ' 

^ 

Notes to the Instructor - Data gathering devices today have ^ 
been largely developed as need and co«t have been jus- 
tified. Most data in business and government has been 
manually gathered and recorded on forms, then key punched. 
This is also true with scientific data. In the very 
recent years the need for more data and for a more timely 
entry into an information system has created a large 
amount of R & D which has caused some very interesting 
technological developments. Termed, Source Data 
- Automation, AC to DC equipment uses sensors for scientific 
data, and on-line transaction recording devices for 
government and business. This objective is to explore 
conceptually how these devices work, 

(I 

Instructional Objective - to have the student conceptually 
undisrstand how Source Data Automation equipment works 
and their kasic function. 



Instructional Method 

1. Lecture on the principle of the flushing of a toilet. 
The water level is recorded and action is taken without 
manual interference. 

2. Present the concept of sensors and their function. 
Example might be water sensors. Enclosed is a brief 
description of one sensor. 

r 

3. Present the concept of data gathering with a cash 
register using credit cards. 

4. Have the students visit a large department store 
for examination of this equipment. Or arrange for 
NCR salesman to discuss the equipment. 

5. Arrange a field trip to visit a municipal sewage 
treatment center, or have a local representative of 
an environmental agency or business discuss this 
equipment. 

Measurement of Instructional Objective - The student will 
review an article m the library where source data 
automation is discussed. 




Other Notes - This activity is not to make the student tech- 
nically able to describe Source Data Automation. The idea 
of being able to mechanically gather data is one of the most 
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important points for information Syatema. Thia activity 
moat e^rtainXy oouUl b« aHpand«4 with vtrioua othur 

exhibits and demon str at iona* 
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ACTIVITY .#12 - DATA STORING DEVICES - 

Note to the Instructor - in activity #6 the student (discussed 
« the advantages and disadvantages of sequential recording 

(on a roll of paper) and direct access recording (on 3x5 
cards) . This activity discusses the same concept using 
magnetic tape and magnetic disc. 

> 

Instructional Objective - to mtike the student aware of tape 
and disc recording devices. 



Instructional Method 

1. Review recording methods as discussed in activity #6. 

2. Introduce the magnetic tape. Examine the difference 
between tape recordings and tape - that is the con- 
tinuous recording versus bit recording. 

3. Explain how these bits of data can be saved in a 
very small area • 1 inch of tape will hold 1600 

coded digits. Exami.ne how many numbers could be stored 
on the usual role of 2400 feet. 

4. Discuss how the data might be retrieved, that is 
sequentially. 

V 

5. Introduce the magnetic disc as with a phonograph 
record. Examine the difference as before in step #10. 

6. The additional difference of circular tracks versus 
a spiral track should be explained, 

fi 

7. Discuss the ability of the read/write head (phonograph 
needle) to be picked up and set anywhere giving direct 

• access. 

Measurement of Instructional Objective - The student will 

explain the difference between tape and disc recording. 



Other No^ as - This section can be developed more thoroughly 
if time permits as to the types of data records, the 
concepts of read/write, the track/cylinder. Any standard 
introductory data processing textbook will provide the 
instructor with the technical concepts. 



Notes to the Tnatrttctor -Hie last activity, mass 

"* storage was discussed. This section discusses the 

computer from its high speed point of view. It is not 
a detailed section, however, if time permits it could be 
expanded. 

Tnatru ctional Objective - to make the student aware of the^ 

High speecTs of computer's, their place in the information 

system. 

Instructional Method 

1. Present the block diagram of a computer and discuss 
the Central Processing Unit (CPU) . The Storage 

as the place where data is temporarily held until it 
• has been stored or processed. The Control as the 
place where the computer program causes the computer 
to add, etc. The Arithmetic/logic unit as the place 
where the data is manipulated . 

2. Discuss the speed of a computer. That is one execution 
on one piece of data in 1 millionth of a second. 

Have the student calculate the amount of executions 
that can take place in one second, 

3. Refer to Objective #8, step 4. How many sensors 
could be averaged over one hour by one computer if 
it takes 4 millionths of a second to add, etc. 

4. Visit your local campus computing center. Prearrange 
to have an averaging program demonstrated, the centPX 
should be able to wr^^te a small program and use any 
existing data card tc^ show the entire operation. The 
time will take longer than calculated because of the 
input and output not having been calculated in step #3. 

5. Review this visit and ask how much time went into 
Input/Output operation. (Most of the time) Ask 

what was happening in the computer while I/O was taking 
place (nothing) . Explain the idea of several l/O 
devices and several programs using the computer by 
scheduling the programs to work when others are in the 
I/O stage. This concept of multi-programming is very 
important in information systems. 



28 



calculate how long an averaging of 800,000 numbers will 
take on a computer versus his manu^ 
average". ' " ~ ~" " 

• t 

Other Notes - This activity is not lengthy because it" is 
not the purpose of the module, -The idea is to imply 
the rap^d processing od data by a computer. 
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ACTIVITY #14 COMMUNiaV TIOMS TBCHNOLOGy . ' ^ 



\ 



N ote 9 to thfe. indtrttfetor - TK^ objective is to have the #tudent^>-. 
icx* -at his telepii'^^e 'in Another piBrspective, The study 
of tele-.coft«iuni9ations lik«;,tne past objective could be. ^ 
expantled* Again^ this - is a simple overview. - - 

♦ • ' ' * .... -v • 

Instruc^nal Obiea:iv^ - to-ffiake the student aware of .the 
communication ability of his telephone and to lin 

together the computer and mass storage to a remote data 

gathering device, or to an "erid-user". 

Instructional Meth od 

1. Review the basic telephone system. The phone, the 
circuit selector, the phone. Draw a diagram such as 
in Activity #11 without the computer. 

2. Ciscuss line transmission speeds of a voice grade line 
« number/second. '. 

3. Discuss the concept of a- dial-up tele- communication 
system. That is the computer dials number of ter-- 
minal, places call to sensor, "end-user" calls up 
computer, and computer gets data from mass storage - 
disc. 

4. Discuss the concept of the information system as" 
presented in Activity #11. 

5. Have the student select ore fact from his list, and 
superimpose an information system to provide information 
to the "end -user'* . 

# 

Measurement of Instructional Objective - The student wifl^ 
draw a diagram linking a computer .to several sensors 
6V tele- communication and to one "end-user", 



Other Notes - This activity ends the conceptual background 
of the information technology, from what is a fact to 
communications. More time can be spent on each piece of 
equipment. Remember this module is developing a tech- 
nological conception to assist in evaluating the growth 
of information technology. 
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ACTlVm #15 - DATA TECHyOLOGg/. WSL WDT^T^Z Pm SOCIBTy 



Notes to the Instructor " .This activity is intended to make the 
student aw^re-ef tm effects of this 'technology. 

Instructional Objective ^ To rtiake the student aware of the . 
^ changes to the standard of living of the individual| 
and society i:hat data technology has caused* , 

Instructional Method *' 

1. Lead a discussion o£ some types bf work, considered 
( to be repetitive and 'uninteresting, that data 

technology has relieved the human from. An example 
of this is the pbsting of cashed checks. If this is 
done manually, in a highly organized system, this 
task would take three minutes, • Using a nbt too 
unreasonable figure of 1,000,000 checks per day, 
how many individiaals would be required assuming an 
eight hour day. (8x60/3 divided into 1,000,000 
would be 6:^50) ; This task ha^ been assumed by data 
technology, 

2. Lead another discussion on multiphasic health testing 
centers - see TMMW, The use of data technology 
underlies this concept, 

3. Have the students take a 'vacation' by planning the 
.route and confirming reservations, 

4. Reversing the trend, lead counter discussions. The 
lack of jobs, the j^otential of using the gathered 
data both health and reservation in a blackmail 
manner , ^ 

5. Lead a discussion on the right of privacy and the 
invasion of priveicy. An example is the idea that the 
record keeping serves as a potential source to be 
used against one. This threat alone can suppress 
individual action, causing conformity. 
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i^CFZVXtX #16 - DXm r^GMJOLQCnf QOSTS 




N6tes to^the instructoy - There are two different costs to be 

«>nsld€ired- ;rhe actual dollar outlay .?«id_the. cos t^^^ 

non-monetary value. 

' \ . 

Instructional Objective To ;nake the student aware of how 

costs are ust^f in determining the acquisition of systems 
orc[a%^technology\ * 

• » 

instructional Method 

1, * The first cost is feasibility<> Is a proposed system 
feasible wlthodt the speed and storage -capacity of 
' data technology? Many systems present and proposed 
are only feasible if data techn^)iogy is used; The 
responsible measuring of pollutants for instance, 

2« Benefit - Most systems stress feasibility ' and/ ^sts 
with little regard to benefits. This area has iDeen 
used by the professionals to support' acquisitJion, but 
more recently, negative benefits have been used to 
defeat acquisitions. 

3, Effectiveness - This term is used in relationship , to 
other alternative systems (those without data 
technology) 

4. Privacy - This is the key to the module. This cost 
is only recently being considered. 
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•AcriHviTir #17 - ^^SOSM * ' 

Notes to the Instructor - The followincf hypothetiqaX situation ^ 
could most cartainly happen • The student should be askfed 
to read the case and consider it from the various 
concepts introduced in previous activities* 

Instructional Objective - to summarize the jnodulef.^. 

Case - A centralized bank o^ vittil data on organized crime , 
leaders as designated jy the U.S. Attorney General. , 

The activities of organized crime leaders are closely 
monitored by several government agencies. The activites 
are observed and some recprded. Each agency maintains 
records considered of interest to that agency. Another 
agency may not even be aware of anotHer agency's records, 
and may maintain duplicate data. In addition, observations 
made and not recorded because the fact is not ^considered 
vital to that pc»^ 'cular agency may very well be vital 
to another agency . . . • 

The agency may have need to know the past activities 
of a crime leader. Obtaining this data requires- 
extensive searching of voluminous files. The time required 
to obtain the data and use it as information may be so , ^ 

long that once the data is collected and organized, the 
information-., is lost. ' , ' " . 

Faced with the two situations described above, a 
proposed system of data technology has been designed to 
meet the various government agencies' needs, A computer 
will be installed with the whole purpose of maintaining 
a file on each designated ^organized crime leader. 
Connected to the computer will be thousands of typewriter 
devices (scattered throughout the world) accessible by 
every agency. These terminals will be used to enter 
every observation made and to print but the status of 
any or every record maintained. The file will be kept 
on magnetic disk which provides almost immediate access 
to any piece of data. The file will contain every piec^ 
of data that, any agency would need. This joint pooling 
of the data Will prevent duplicate data from being maintained 
and insure that all obseryations are recorded regardless 
of any particular agency's need. The file will be organized 
to allow any agency to obtain any data they, need for 
information. In addition', with the speed of computers, 
every new activity can be compared with other records to 
determine if some cooperative action by the crime leaders 
is pending and notice cm be issued. • . 



Presently, without this syistom, several activities 
by ovMniMd oximm XmaAmsM h«v« tfon* ulmotio«4« One 

special activity has lieeft tihH6tie»d, thB IntruHoti of 
crime leaders into legitimate business, fhese lawful 
activities are so numerous .and seemingly uncon sequential 
they have not been recorded. Yet these actions lead to 
the demise of the legitimate businesses* and should be 
stopped . . The proposed system will make observation and 
recording sfea sib le . ' 

The benefits of this system are numerous. 
individual will be better protected. If he is a customer 
of a legitimate business or the owner^ he will be assured 
of protection from these crimef leaders. "^Society will 
most certainly benefit. The taxes lost because of illegal 
business operations can be recovered. 

The effectivness of this operation can easily be 
measured by' the increasing percentages of arrest and 
convictions. Th6 overall effectiveness will be the 
reduction of the numlJiSt of crime leaders. 

The case for privacy i^ moot. Persons operating 
in the area of crime have no rights, as they are not 
members of a lawful society. 
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TEACHING MODULE 
POWER GENERATION 

The following is a teaching module for a unit on power 
generation. 

It is intended for students who do not intend to major in 
science or technology. The background of the students should 
include at least one course in elementary algebra. 

It is suggested that the instructor have a background which , 
includes at least four semesters of college level physics. 

A period of three to five weeks is suggested, depending upon 
the depth in which the subject is treated. Supplementary work 
is to be presented during the laboratory periods. 

The class meetings should consist of three lecture periods 
per week with a two to three hour weekly laboratory. One laboratory 

.4. 

period should be set aside for an organized visit to a local 
power generating station. ^ 



POINTS OF DISCUSSION 
Power Generation 



I. Why the Current Controversy? 

a) Environmental effects. " 

1) Pollution. 

2) Destructive alteration of natural topography. 

b) Direct physical effects on man. 
1). Radiation hazards. 

c) Threat of scarcity of present and future power 
requirements. 

1) Fossil fuel reserves. 

2) Current and potential nuclear fuels. 

3) Restrictions on construction of additional power 
generating plants, 

II. Methods of Production ~ Advantages and Disadvantages. 

a) Fossil Fuels. 

1) Coal - ..direct burning - gasification. 

2) Oil. 

3) Natural gas. 

b) Hydro-electric. 

1) Natural - utilization of waterfalls. 

2) Artificial. 

i) construction, of dams, 
ii) pumped storage during low usage times. 

. c) Nuclear Power. 

1) Fission reactors. 

2) Breeder reactor. 

3) Fusion reaction. 

d) Alternate metrods. 

1) Solar energy. 

2) Tidal energy. 

3) Geothermal energy. 

XI. Goals and Objectives. 

More reasonably informed society for the purpose of making 
decisions based upon: «. 

11 



a) the need for electrical energy. 

b) an awareness limitations and capabilities of present 
technology. 

c) a recognition of need for continuing research toj 

1) improve efficiency of existing methods of production. 

2) develop new and better methods of production. 
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I . INTRODUCTION 

The present awareness of energy use and the resulting effects 
on the environment has maintained a controversy as to what the \^ 
future holds in store for u.s. Recent failures in production and/or 
distribution of electrical energy, from the great Northeastern 
Black-out of 1965 to the local selected black-outs and brownouts 
of 1971 and 1972, have focussed much of the controversy onto the 
production and use of electrical energy. 

The severity of the problem may be highlighted by ari 

•I 

extremely curious event which is now taking place (Spring 1972) . 
Consolidated Edison, a corporation whose prime reason for 
existence is that of selling a product (electricity) for a profit, 
is waging an advertising campaign to discourage the use of its 
product. Although the copy writers are aiming their '•save a watt" 

messages at an environmentally and conservation minded audience, 

■ -1, ■ ^ 

a high level of sophistication is not needed to realize that the 
reason (s) behind this apparently noble act by Consolidated Edison 
are not as altruistic as they would want everyone to believe. 
Simply put, our technological society has (in effect) developed 
the means of consuming more electrical energy than it can produce 
in certain parts of the United States. That is, in heavily populated, 
highly industrialized centers, the demand exceeds the supply at 
peak usage periods. Therefore, we must produce more or use less, 
or more serious difficulties will arise. 



, since both powf r produotlon and popuXfction »r« illw^ to 

grow '(and in lome quarters, encouraged to do eo) , the existing 
problems are compounding. The United Statei population is expected 
to more than double by the year 2000; growing from 152 million 
(1950) to 320 million. However, since this population (because 
of advancing technology and affluence) is expected to greatly . 
increase its consumption of electricity (energy) , its impact on 
the environment (from pollution, physical and aesthetic, to fuel 
sources and reserves) will more than double. Each of those 320 
million Americans will represent an electric power consumption 
of twelve and one~half of their 1950 predecessors.* Or to put it 
in another way, the effect on the environment from the power 

production for our population in 2000 will be equal to the effect 

1 

of 4 billion 1950 Americans. 

The problems of production of electrical power are many and 

varied, but those of major concern seem to bet 

1) the environmental effects 

2) the availability, presont and future, of fuels used in its 
production 

TO investigate these problems in any depth at all, requires a looX 

at the various methods of production. The major sources of electrical 

energy*^ and the projected growth rate arej 



*Based on the growth rate for the demand for electric power to 
•double every 10-15 year period. Doubling times of 10 years and 
15 years appear often in related literature. 



Source of Electrical Energy Projected Growth Rate 

197 X %/yr. 1968-2000 

Oil — 8^ ' 
natural gas —- 20?6 2% 

coal — 5596 

hydro-electric power — 15% 

nuclear — 2% ' ^'^^ 

From the above data, it can be seen that the preponderance (more 
than 85%) of electrical energy producted in 1971 is the result 
of the conversion of fossil fuels. 

II. METHODS OF ELECTRICAL ENERGY PRODUCTION 

f 

A. Hydro-Electric (Water->Electricity) 

Water in motion possess the energy (kinetic energy, or energy 

of motion) to turn a wheel (turbine) . This in turn is connected 
J 

.,to a generator which converts 'the mechanical energy ipto electrical 
energy. 

Hydro-electric power is utilized in several forms. Water 
wheels or turbines can be directly driven by rapidly moving rivers 
or natural waterfalls. Water can also be pumped into high storage 
tanks during periods when demand for electrical power is light. 
Fuel is consumed in this process, to produce the electricity to 
drive the pumps. At periods of large demand of electrical energy, 
the water is allowed to fall, thereby turning turbines, converting 



th* ttor^a (potantlaD enerw of th« watsf to •XoetricaX «n«v«y. 

utilization of naturally moving wat«r «««t*i negligible 
environmental probleme. However, when hydro-electric power is 
achieved through the damming of rivere, thereby creating artificial 
l,a)ce», changes in the local ecology can occur which may have 
disastrous consequences. The Aswan High Dam on the Nile River in 
Egypt is a case in point. 

The Aswan High Dam was conceived and built with a variety of 
purposes in mind, one of which was "clean" hydro-electric power. 
The political, economic, and environmental consequences of its 
construction are continually unfolding, and history may show that 
its final impact may be more of a disaster for Egypt and the 
Eastern Mediterranean area than the major national asset it was 

conceived to be. 

The High Dam, designed by West German engineers., approved 
by tne World Bank, initially to be financed by the United States 
<which withdrew its bacl^ing for political reasons) was finally 
underwritten and built^by the Russians. 

The political dispute surrounding the Dam precipitated 
President Nasser's break with the West, nationalization of the 
Suez Canal (which triggered the Suez War) , and opened the door for 
direct Soviet involvement in Egypt, the Middle East and the 
Mediterranean. 

The prime purpose of the Dam was to control and store the Nile's 
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waters for irrigation of existing land, reclaim land from the . 
desert and guarantee a\iainst drought and famine. Hydro-electric 
power, enough to supply half of Egypt's power requirement; was 
to be an additional, peripheral asset.* The ecological disruption 
feused by its construction is independent of the reasons for which 
it was built . 

A prominent Egyptian hydrologist. Dr. Abdel Aziz Ahmed, 
warned of the potentially disastrous consequences should the Dam 
be built and was fired for his trouble. That of which he warned, 
has, to a greater or lesser degree, come to pass, namely: 

1) The dam would trap the fertile silt which nourished the 
shores of the Nile in its downstream journey. 

2) The silt-free water would cause severe erosion problems 
downstream. 

3) The loss of water from the lake formed behind the dam, 
due to evaporation, seepage, and changes in underground 
water movements would ultimately leave Egypt with less 
water after the dam than before,^ 

Egyptian farmers are now forced to artificially fertilize lands 
which were once among the most fertile on earth. Increased 
salinity in tHe Delta and Middle and Upper Egypt areas due to the 
decrease in fresh water flow is endangering millions of acres of 
farmland, and will continue to do so as long as the Dam exists 
until elaborate drainage systems are constructed. 



Approximataiy 700/000 ncr^s h*v« b««n conv«rt«d from flood to 

canal irrigation enabling a substantially increased yield. Here 
too, however, negative side effects of immense proportions hav# 
arisen. 

Bilharzia (schistomiasis) , a disease known uo ancient Egypt, 
•has reached plague proportions with the advent of extensive 
irrigation. The principle carrier, a snail, cannot survive in 

# 

fast flowing water, but once established in placid waters (such 
as those of the shoreline of Lake Nasser formed behind the High 
Dam), the snails can multiply, at a rate which will increase their 
number by 50,000 fold in four months. Although the snail does 
not attack human beings, it is the host for the parasites which 
do. 

♦ 

Even though the disease is more debilitating than fatal, one 
out of every ten deaths in pre-High Dam Egypt was caused by it, 
and the cost to the state in lost working time alone ran to half 
a billion dollars yearly. There seems to be no official figures 
which cite the number of additional victims since the High Dam 
was completed. 

There is no lasting cure for bilharzia, since anyone can 
become reinfeated with the parasite merely by coming into contact 
with contaminated water. 

Another potential health hazard of the High Dam is due to the 
' creation of vast breeding grounds for the Anopheles gambia mosquito, 



the deadliest malaria carrier in Africa, some strains of this 
mosquito have already developed immunity to DDT. Therefore, 
extreme diligence will be required to prevent its getting a 
•foothol'^ in a seemingly made to order environment. 

Since storage of water was the prime reason for the 
construction of the High Dam, its shortcomings in this may perhaps 
be the most ironic. Losses due to evaporation, seepage through 
porous .sandstone, and the rerouting of underground movements due 
to external pressure have resulted in a lower net supply to Egypt. 

And finally, once abundant quantities of sardines, mackerel, 
lobster and shrimp have been all but decimated along Egypt's 
Mediterranean Coast. A major contributing cause is the reduction 
by about two-thirds of the nutrient plankton and organic compounds 
in the coastal waters. The uninterrupted Nile was the source of 
these* nutrients.^ i 

The building of the High Dam' required a vast capital outlay — 
an investment which theoretically should earn interest. Each of 
the resulting problems discussed above (and these are by no means 
all of them) has a cost factor associated wilih its control or 
reversal. To date the liabilities outweigh the assets 1 

B. Fossil Fuel Plants 



Where electrical energy is produced by the burning of fossil 
fuels, "peApheral problems become seemingly insurmountable. The 
general process, regardless of the type of fuel used is as follows 



, ' II fiMl i« bttni«4 in • <um«ot producing itf** in m .boil*f 
f 2\ th« •team is directed under preeeure to turn * turbine 

♦ ♦ 

3) the turbine is connected to a genttvator which produces 
electrical energy. % 

In the fiirst step of • the process, the burning of the fuel 
adds contaminants pr pollutants .to the atmosphere in the form of 
a) gases, b) particulates, and c) therinal energy (he»t) vented' 
through the smiftOce stack., in^addition, solid waste products (if 
coal is used as fuel) are produced as a result of incomplete 
cortbustion. ♦ ' 

In step two, after the steam has been used to drive the 
turbine, cooling takes place. In a condenser, through which water 
is piped from a nearby lake, pond, river, etc. the steam is con-, 
verted b^tck to water for recycling back to boiler to produce high 
pressure steam once again. The water which has been used in the. 
condenser as the coolant is returned to the body of water from 
which it came. at a higher temperature than at intake. This 
results in a "thermal pollution" which can have negative results 
in regard to the immediate ecology. 

Finally, in. step three, the desired result takes place— 
electrical *energy\s produced. The electricity thus produced 
must be distributed for use. For this purpose transmission cab leu, 
usually over ground) are constructed. Outside of use of land, 
^vulnerability to extreijies of weather and being an occasional 



obstacles to vehicular traffic, primarily automobile, the method 
of transmission of electrical power is not usually considered to 

be as significant a problem as its production, 

r 

AS a typical example in a fossil fuel plant operation, a 

coal fired plant is offered. For 683 pounds of coal used in a 

power plant, and which contains 2.5% (17 lbs.) sulfur and 10%. 

7 

(68 lbs) ash, the following takes place j 

* 

\) 8,540,000 Btu of heat are produced, 

2) 1,280,000 Btu of heat are rejected through sta^k and t(? 

the turbine and the generator. 

3) 3,845,000 Btu of heat are rejected into cooling water 

circulated through condenser. 

4) 3,415,000 Btu of useful heat, that is, heat energy that 

has been converted into the originali'.y desired 
product — electricity. 

5) Air is contaminated with 

a) 34,2 3,bs. sulfur oxides 

b) ,6.83 lbs. nitrous oxides 

c) ^1.37 lbs particulates 

«iid) hydrocarbons, carbon monoxide, carbon dioxide 



A Btu (British thermal unit) is a unit to measure energy content 
of heat. The definition, the Btu is the amount of heat energy 
necessary to raise the temperature of 1 pound of water 1 degree 
Fahr-^inheit , may not be as important for these purposes as a 
relative understanding of its size. For example, in completely 
burning 1 gallon of gasoline, 120,000 (12 x lO"^) Btu of heat are 
produced; in leaving a 100 watt light bulb on for 1 hour, about 
360 (3.6*x 102) Btu of heat are produced. 



* 6). Solid 3#a«t# (aih««, cUnH«r«, •tc,) 

7) Contamination of cooling water au# to addition of chemicali 
to control slime and corrosive action on condeneer 

tubes. 

The description above of a coal fueled power generating 
plant does not deal at all with the ac<Juiiition of the coal or 
^iny other fossil fuel. Much has been said and written recently^^ 
about the availability of fossil fuels and their reserves. 
Est imatos of reserves range from 12 years for natural gas to 2000 
voa'r£3 for known coal deposits. 

A popular estimate of the growth rate of the demand for 
oloctrical power, as stated earlier, is that the demand is doubling 
ovory 10 years. Let us assume this rate to be correct, and let 

ar.sume further that .1% of the earth* s total fossil fuel 
ioe;orvGs have already been extracted. The following table shows 
how. rapidly a doubling rate of tise of the fuels would deplete 
the existing reserves.. 

DoubltffI Period >moant Deple ted Per Period Tot;;il Depletion 

Kov- ' . .1% 



1 
2 
3 
4 

5 



.1% 

2 X .1% * .29^ '^^^ 

2 X .2% « .4% '^^^ 

2 X .4% » .8% 1»596 

2 X .8% =» 1.6% 3.1% 

2 X 1.6% « 3.2% 6.3% 

10 ; ; 



6 2 X 3.2% « 6.496 12.796 

7 • 2 X 6.4% « 12.8% 25.5% 

8 2 X 12,8% « 25.6% * 51.1% 

9 2 X 25.6% « 51^2% ' 102.3% 
In less than 9 cloul;:^ling periods or less than 90 years, the 

supply would be exhausted, using the assumed values. If, in 

fact, the already consumed reserves were only a millionth of a 

per cent f. 000001%) of the total rather than the^ .1%, value assumed 

above, total depletion would occur after twenty-six doubling 

8 

periods, or in about 260 years . 

This illustrates that an unchecked growth rate can make short 
work out of what may initially seem to be an inexhaustable supply. 

The production of electrical power does not begin at the 
site of the generating plant. Mining of coal, drilling for oil, 
transportation, processing, and storage are also importaht 
factors that must be considered. 

.i. Mining and Transportation of Fossil Fuels 

The strip mining of coal produces some of the worst 
environmental effects. When water runs over this type of shallow 
exposed mine, sulphuric acid is washed into streams and rivers 
upsetting the underwater ecology making fish from these waters 
impalatable. Widespread strip mining has produced serious land- 
slides and erosion problems. Once beautiful mountains have been 
left as deforested areas covered with deep trenches and cast-away 




rocK iaiid coal, othtr forwi of eotl ulniiig M lnh«r«ntly dang^rouB 

to the miners themselvee, causing r«tpir*tory diieawe, including 

9 

the "bXacK lung" disease, which a|.fect large nuinbers of miners. 

After the minincj, vast networks of transportation and 
storage facilities are required for this bulky fuel* The weighty 

» ♦ 

of the fuel itself requires substantial energy consumption tpt 
its transportation. This drawback has been partially alleviated 
by on site construction of power plants. That is, m certain 
instances generating stations havt been built right at the source 
of the fuel, the coal mine. This, however, can be only a temporary 
advantage, since the amount of coal is finite. Once is has been 
economically mined, either the generating station must be moved, 
or the fuel must again be transported to it. 

The drilling of oil has its own peculiar environmental and 
ecological effects. These are not considered as significant as 
those problems encountered in transportation and storage, especially 
the former. 

The primary means of transporting oil are by ocean going 
tanker and pipeline. Each has had its share of publicity or 
notoriety in recent years. 

> 

"During 1969, two hundred thirty four ships carrying cargoes 
of oil crashed into one another, dashed themselves upon reefs, or 
otherwise did themselves in."^^ This statement clearly poses the 
environmental «nd ecological dangers that necessarily exist in the 
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proo«M of £u#l traniportationi Sinc« "t*n foraign nations 



produce 5796 and export 85% of world oil" and "Europe and Japan 
import 95% of their oil needs",. it is obvious that the threat 
of accidential oil spillage will become greater as the demand for 
the fuel increases to meet the needs of the increasing demand for 
oil. A vast building program for oil tankers is currently 
underway. The Japanese are building 1280 foot tankers (almost as 
long ks the Empire State Building is high) of 500,000 deadweight 
tons. These ships are capable of carrying about five times as ' . il^'- ■ 



much oil as the Torrey Canyon, th^ ship which broke up on a reef 

in the English Channel in 1967, causing a major disaster. The 

English have on the drawing boards a tan^tier of 1,000;000 deadweight 

tons, or nearly ten times as large as the Torrey Canyon. "And, 

in case you thini< something about their being bigger makes them 

safer, consider this; If the Captain of one of those 250,000 

tonners* from Alaska sees trouble ahead while going full speed, 

. 12 

it will ta:e him a half hour to stop the thmgJ 

Since the recently discovered oil reserves in Alaska are 
located on its Northern shore, , Prudhoe Bay, the transportation by 
tantcer is difficult because ice maKes these waters less than 
navigable during much of the year. To meet this problem, a pipeline, 
790 miles long, has been proposed from Prudhoe Bay to Valdez, a 

250,000 ton tankers are now being used to carry oil from Alaska 
to the West Coast of the United States. 
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M .9wm9t on AU«Ka*i ioutlwtttiirn ihor*. ThU pipolin* which will 
. climb. mountains, cross numerous straaros and active earthquake 
faults, presents many severe potential hazards t 

1) the oil must be heated in order that it may be pumped 
along its route. This heating (ISO-ISO^F) could cause 
melting of the perma-frost (permanently frozen ground 
beneath the Alaskan tundra) which in turn could cause 
ground shifts which could result in pipe failure. 

2) the pipeline has twelve shut off stations along .its 
route. Each mile of pipe will contain 11,000 barrels 
of oil, therefore, a break could potentially spill the 
oil in 60 pipeline miles at 11,000 barrels per mile, ot 
660,000 bbls of hot oils on the delicate tundra. This 
would be equivalent to 2 of the Santa Barbara spills, 
where an off shore well ran wil4 loosing oil into the 
ocean. A spill in cold5»r climates could be potentially 
more disastrous, since the oil would not readily degrade 
due to the cool temperatures. 

3) the storage area in Valdez is located in an areas which 
which was totally destroyed in the 1964 Alaska earthquake. 
The old-wives tale that "lightning doesn't strike twice 
in the same place" doesn't apply to earthquakes. 

4) the route traveled by tankers f m Valdn-, - ' '^a v/nstern 
Coast of the United States is a ! o espe*^' . '^u '-ivdour . 
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B«caus^ of thp prevailing currenta, a' spill along this s 

• • *" • 13 

route could effect the entire .West Coast.. 

It should be pointed out that there are positive energy 

< * ■ ■■ • 

considerations with respect to the pipeline. Should none of the 

above disasters materialize, the delivery of the Prudhoe Bay oi.l 

to the southern coast of Alaska will have the following advantages: 

1) less energy will be consumed in its transportation. 

2) ' the delivery of oil will no,t be limited to summer months. 

3) adverse weather conditions will have little or no effect 

r 

• on oil supply. 

4) the danger of collision of oil carrying ships will be 
decreased (in those areas which will no longer have 
tanker traffic ) . 

It should be obvious that as demand for electrical energy 
rises even more rapidly than the increase in population, that 
the inherent dangers in its use will also rise. To meet these 
dangers, stop gap measures are being taken as technology permits. 
1) Since coal is our primary present source of energy for 
electricity, efforts. are being made to increase its 
efficiency from 40% to 50-55%. One method of increasing 
the use of coal, the most abundant fossil fuel, while 
simultaneously reducing its polluting effects is through 
a process called coal gasification. Natural gas, while 
being the "cleanest" fossil fuel is also the least available. 

15 



Thm -taehnolo^ for «af Ifylhf do«V •xitti« but at tli«^>:* \^ ^ 

* praaent time th« coit factor i» not •conomically attractive 
for larga acala production* In hit Juno 4, 197X meaeage ^ 
to congre«« on national anargy raquiramante, Pra«idant 

• Nixon pledged hXa eupport to "An expanded program to 

14 

convert coal into a clean gaaeoue fuel." 

Besides reducing the detrimental characteristics 
associated with l^urning coal as fuel, gasified coal will 
greatly reduce the transportation problems since gas can 
be easily moved via pipeline. 

Though these measures will prolong the reserves, 
and decrease pollution factors, there is no answer to the 
destructive nature of mining itself. 
2) To increase efficiency of steam electric plants, a 

magnetohydrodynamic (MHD) tapping cycle is in the research 
and development stage. In this process the hot gases 
are passed through an MHD generator before entering the 
boiler to generate steam. "The generation of electric 
power through magnetohydrodynamics is based on the motion 

of a conducting fluid (usually a high velocity gas) 

15 

through a very strong magnetic field..." By this 

technique, electricity is "tapped off" the hot ionized 

gases before these gases produce the steaim which ultimately 

16 

drives the generators. 
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3) Recycling waste thermal energy now pumped into 1?odies of 

water or the atmosphere. Thi«! energy having been removed 

in the condensation process in steam electric- generation. 

The coolant used to condense the "spent steam** which has 

been used to drive tXie turbines to produce electricity, 

is usually pumped into the system from a nearby body of 

water at a low temperatute, and returned at a higher 

temperature. Besides "wasting" the heat energy, this can 

and does produce negative ecological changes. Con Edison, 

of New York utilizes this "waste" energy by selling "heat" 

to their customers — a type of large central heating system. 

Use of this nature could be expcunided — especially if power 

stations were built on a smaller scale and were more 

centrally, situated with respect to potential consumers. 

These are just several of various attempts to improve the 

efficiency of fossil fuel plants. Although there will be positive 

short term effects, what is needed are ^alternative methods of 

generation of electrical power. 

Although at present time only 2% of our electricity is 

generated by using nuclear fuel, "...it may well supply more than 

50% by 1990. The Atomic Energy Commission has already approved 

plans for 51 plants, now being built, and 61 more that are ready 

17 

tor construction." There are many reasons for the delay in 
construction of nuclear power plants? concern of citizens groups 

17 



»«9«r<liii« thtHMil and rAdioietiv* pollution iMiinf aMong tho «oro 

proi)alnent. 

I 

■* I 

C. Muelaar Power 

TO the average citiasen, nuclear power brings to mind either 
the atomic bomb or the hydrogen bomb or both. To the more 
scientifically oriented perion, nuclear power means either a 
fission reaction or a fusion reaction. 

Both the fission and fusion reactions are based on the 
principle which is implicitly stated in the now famous "Einstein 
equation" 

E « MC^ where E is energy 

M is mass 

C is the velocity of light. 
The principle simply stated is that there is a mass (matter) - 
energy equivalence. That is. should matter be "destroyed", an 
equivalent amount of energy is liberated, or should energy 
"disappear"* an equivalence of mass (matter) somewhere appears. 
The equation above states this equivalence* by multiplying the 
amount of mass being converted into energy by the speed of light 
(186,000 miles per second) squared, we know how much energy is to 
be liberated. 

Before fission and fusion are discussed as such, a description 

of a nuclear power plant, similar to that of a coal powered plant 

* 

which was presented earlier, follows. (Figure 1) 

The present day nuclear power plants use fission reactors. The 
fusion reaction has not yet been harnessed in a controlled manner 
necessary for production of usable energy. 
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FIGURE 1. SCHEMATIC DIAGRAM OF A NUCLEAR POWER GENERATING 
INSTALLATION 

( Source: " The Shorehafm Nuclear Power Station", 
Long Isl^ind Lighting Company, 1972) 



•ame a» that daicjcibad in paga 7. Pqrty two ttn thouaandtha of 
M ourica (.0042 oai) of uranium undargoing fiaaion in a raactor 

. • • 18 • = " • 

producaat 

.1) 10,700,000 Btu of haat in tha boi^-ar. 

2) 3,415,000 Btu of uaaful haat yialding 1 magawatt (1 
million watta) of alactrical powar. 

3) 7,285,000 Btu rajactad into cooling watar circulatad 
through condanaar. 

4) Contamination of watar by chamical additivea uaad to 
control alima and r«<3uca corroaion of condanaar pipaa. 

5) Radioactiva waate producad in fiaaion procaaa which 
rauat ba atorad, than tranaportad to a "aafa atoraga" 
location. 

6) Potential contamination of water by liquid radioactive 

9 I 

I 

I 

waate. 

7) increaaed radioactivity in vicinity of powar plant. 
Where the foasil fuel plant operated (aa deacribed) with an 

efficiency of 40%, the nuclear plant operatea with an efficiency 
of 3296. However, one point ia very clear— aa inefficient aa the 
nuclear plant ia, a little over four thouaandtha of an ounce of 
nuclear fuel produced aa much usable energy aa almoat one half 
ton of coal. This then suggests the question of availability of 
fuels that can be used in a fiasion reactor. 



The world resourcei of the basic materials used in a fission 

reactor, namely uranium and thorium minerals, are fairly abundant. 

Although, the potential for nuclear power is several . orders of 

magnitude (powers of ten) greater than that which pxits from all^ 

forms of fossil fuel combined, the -fissionable material available 

in high grade ores is severely limited. The use of low grade or^es 

to yield usuable fuel, thus far, would put nuclear power out of 
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a cost -competitive race with fossil fuels. 

A solution to the fissionable fuel pr^lem will be the 
development and refinement of what are called "breeder reactors." 
The breeder reactor is a fission reactor that will,* in the proc^ 
of converting nuclear fuel to electrical power, produce more 
fissionable fuel for future use than it uses. However, the 
massive "burner" (what the fission reactors of tod^y are called) 
program that has been undertaken is calculated to deplete' the 
reserves of uranium 235 in such a short time ^hat the breeder 
reactors may not yet be developed for use on a power production 
scale. 

In an effort to expedite the development of cleaner, and more 
efficient power production, and to forestall a nuclear fuel crisis, 
President Nixon included Federal support for the development of 
the breeder reactor in his pteviously cited energy program. »'Our 
best hope today foY meeting the Nation's growing demand for 
economical clean energy lies with the fast breeder reactor. Because 
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could ©xtand the life of our natural uranium fuel supply from, 
decades to centuj^iiss, with far less^ impact on the envirbninsnt 
than the power plants which are ope.rating today." 

However, the controversy surrounding the construe t^ion of 
nuclear plant.s has little or nothing to ^o with tlxe economics 
of operation but with the hazards, both operative and those due 
to accidents. ^ y 

e 

Although the nuclear plant has the distinct advantage of 
not producing any of the noxious and sometimes poisonous air 
pollutants for which fossil fuel plants are infamous, their 
distinct disadvantage lies in the inherent characteristic 
of radioactivity. These hazards exist in the mining of the fuel, 
its refinement and preparation, transportation, storage, use^ at 
the plant site itself, the waste and byproducts, transportation 

^ of the waste and byproducts and finally th^ disposal of the 

• ) ^ 

wastes. ' ^ . ' C- . 

Since radiation is a, necessary. part of nuclear fuel use, 
it is important to determine whether or not some limits to 
exposure can be established. "Basic to the consideration of 
health hazards from any^ toxic material and to the establishment 
^(f*any meaningful standards for allowable exposure is the effect 
on health to be expected from any given exposure, and the question 
of whether there is a threshold —an exposure below which the 
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material has no ilJ effect."^ The Federal Radiation Council 

has adopted the posture that a threshold does not exist, and 

that " evory use of radiation ir^volves the possibility of . some 

24 

biological risk either to the individual or his descendants," 
Since it is fairly well agreed that "no radiation is good 
radiation", then if it is a necessary evil it must be Minimized, 
i. Radioactivity 

In the late 1800 's and early 190O's scientific research 
spearheaded by the scientists Roentgen, Becquerel, the Curies, 
and villard open«d the door to a new field of endeavor-nuclear 
physics. Their investigations showed that certain compounds 
emitted invisible radiations with varying capabilities of 
penetration. It was found by Mme. Curie that among the then known 
compounds, only those of uranium and thorium possessed this 

property, and she coined the terms radioactive and radioactivity. 

25 

to describe the process. 

Investigation showed^ the radiation to be of three distinct 
types. By passing the radiation through a magnetic field, it 
was seen that one "particle" was not' deflected, while. two others 

were deflected in opposite directions, as shown below; 

a 




(Magnetic field 
perpendicular to paper. 
North pole below paper) 



Xt was fpond that tha Xaaat panatratlng radiations %iara bant 

to the right, the moderately penetrating, to the left, with the 

moat penetrating paeaing through the field undeflected. further, . 

it waB found that the firet two were particulate while the latter 
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was not, having similar characteriatica to those of x-raya. 
This led to the conclusion that the source of the radiation was 
the nucleus itself and that it was disintegrating. 

The most massive (least penetrating) of the particles was 
named an alpha (a) particle? the second,a beta (0) particle? and 
the radiated wave (photon) was called a gamma (y) ray. The alpha 
(a) particle turned out to be a helium ion (the helium atom with 
its electrons removed, therefore, just the nucleus itself) while 
the beta O) particle was found to possess the characteristics 
of an electron (e") traveling at very high speeds (high energy) . 
The gamma (y) ray was resolved to be a high frequency, high energy 
electromagnetic radiation. Since the source of the radiation is 
the nucleus, a transformation must take place upon emission of 
radiation. 

The basic constituents of a nucleus are protons and neutrons, 
which have approximately equal masses with the proton having a 
unit positive electrostatic charge and the fl^tron being charge- 
less or neutral. The atom of an element is identified by the 
number of protons in its nucleus, and its mass is determined by 
the sum of the protons and neutrons. 



For examples 



Hydrogen 



Carbon 



Oxygen 




226 



Radium 



88 




238 



Uranium 



or in general 



where "X" signifies the name of the element, "Z" the number of 
protons in the nucleus (called the atomic number), and "A", the 
sum of the numbers of protons and neutrons found in the nucleus, 
is called the mass number. . 

Therefore, the radioactive process, or the "radioactive decay" 
of a nucleus will result in the formation of a nucleus of another 
element altogether. When an alpha (a) particle is emitted, the 
atomic number of the newly formed nucleus is decreased by 2 since 
the a particle contains 2 protons, and the atomic mass is 
decreased by 4 because 2 neutrons are also contained in the a 



The emission of a beta (0) particle poses a slightly different 
problem. It has been previously stated that the nucleus is 
primarily made up of protons and neutrons, with no mention being 
made of' electrons. This problem can be resolved if one considers 
the neutron to be comprised of a proton (charge +1) and an 



particle. This may be represented symbolically asj 
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•iMtroa (ehar9« -1). Thl» tJcpUlns th« n«atr«X ahargt on th« 

n«utron and aince the al«ctronic inass ia about . that of 

a proton^ tha combined maaaea are equivalent to the meaaured maaa 

of a neutron. 

One can think of a beta (0) emiaaion aa having originated 
in A neutron within the nucleua* The effect of thia, then, %<K>uld 
be the removal of a negative charge # which would reault in a 
nuclear charge gain of +1. Or, a neutron, charge 0 haa become 
upon 3 emiaaion, a proton^ charge -i-l. Again, in aymboiit 

► Z+1^ + -1^° 

A8 for the gamma (y) emiaaion, aince the y ia electromagnetic 
radiation, no change of maaa occurs aa a reault of the emiaaion 
of a Y ray. The nucleua can be thought of aa having been in an 

1 

i 

excited energy atate prior to emiaaion amd with emiaaion, aettling 
down to a more a table energy configuration* 

It haa now been determined that every element whoae atomic 
number ia greater than 83, or whoae atomic maaa ia greater than 
209 ia radioactive. ^'^ 

That radioactivity ia hazardous to health ia currently common 
knowledge. However, there ia disagreement even among the most 
knowledgeable in the field as to what constitutes safe or permissable 
levels of radiation. 

The units of measurement associated with radioactivity and 
radiation can also lead to confusion. 
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Th« rooit coinroon unit* arei The curie, the rad, the roentgen, 
and the rem. Before attempting to define theae unite, it will 
be useful to underetand another term which ie commonly used when 
radioactivity is discuss^, namely the half life or half period 
of a radioactive substance. 

It was fairly quicXly established that the rate of decay of 
any given radioactive element could not be affected externally. 
That is, the nuihber of emissions per unit time could not be 
increased or decreased by changing the temperature or pressure 
of the material under consideration. In other words, the activity 
of a radioactive elentent is constant and is characteristic of 
that element itself. The term half life or half period was coined 
to describe the length of time required for half of a given amount 
of the material to undergo spontaneous emission. Actual rates 
of disintegration vary from less than 1% of the atoms decaying 
in a century to a high percentage of transmutations in a second. 

The curie (c) is the unit of quantity of radioactive material. 
It is that quantity in which nuclei will disintegrate at the rate 
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of 3.7 X 10 per second. From this definition it can be seen 
that the amount of material required for a curie is dependent 
upon the half life. Less material is required if the half life 
is short as compared to more for a longer half life. 

The rad is the unit of dose of particle radiation and is 
described as the energy absorbed per mass of absorbing material. 



/' 

QuyitUativtly, on* SMi i« "0 trg* (tMrgy or %#ork 

unit* in th« c«ntim«t«r-grain*«econd •ytt«m of units) abiorbad 
per gram of abiorbing material. Th« axpoiuro unit for photon 
(ganroa) radiation it the roantgan, which i« ralatad to tha 
ionization (the removal of electron* from the atomic or molecular 

structure) of air. 

The passage of one roentgen of radiation will result in the 
production of 2.083 x 10^ ion pairs per cubic centimeter of dry 
air at standard temperature and pressure, or zero degrees 
centigrade, and 14.7 lbs per squafe inch. The energy absorbed^ 
in human tissue for one roentgen is approximately equal to one 
rad. 

Finally, the rem is an acronym, described, depending upon 
the author, as standing for either "roentgen equivalent man", or 
"rad equivalent man." Since, as was previously stated, the energy 
absorbed in tissue for both the rad and the roentgen is 
approximately equal, either description is permissible. The rem 
is defined as the quantity of any ionizing radiation which has the 
same relative biological effect as one rad of x-rays in the usual 
energy range. The radiation dose in rems is equal to the dose 
in rada times the relative biological effectiveness (RBE) of the 
radiation. Doses in rems are approximate since the relative 
biological effectiveness of one rad due to beta particles would 
not be the same as that due to alpha particles. 
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Maximum parmisslble doses tMPD) are based upon total accumulated 
exposure^^ rather than short term allotments, and are measured 
in rems. ^ 

The MPD accumulated, for those whose occupations are 
associated with radioactivity, to the whole body is, in rems, at 
any age, equal to five times the number of years beyond age 18, 
with no single annual dosage exceeding fifteen rems. No 
occupational exposure before age 18 is permitted. 

For the general population, the MPD is significantly lower. 

\ 

The maximum permissible dose to the gonads from all sources, 

natural and man made is not to exceed an average of fourteen 

rems from conception to age 30, and one third of that for each 
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decade thereafter. 

The unit most commonly used in the measure of radiation is 
the rem. The following table will serve to put the levels of 
radiation from a variety of sources into perspectives 



•iqpotuM to xoniiiiif iMUitioii 
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' from Various Sourest 

1 

(Average annual axpoaura in wilXirama— thara ara 1000 milXlrawa 
in a ram) > * 

Natural bacXground, coamic raya 100 

to 

radioiaotopaa in aoil, ate, 150 
Medical Use 

Expoflura to gonads 50 

Exposure to bone marrow 125 ' 

Fallout from waapona tasting 10 
at preaent 

To the general population from the 2 

to 

nuclear industry 10 
Maximum allowable under Present A.B.C. 
Standards (above natural background) ^ 

General population 170 

Individuals with General population 500 
Individuals employed in nuclear 

industry 5,000 

The principle hazards are genetic damage (damage to future 
generations), tumors and shortening of life span. Although the 

risk to an individual is low, the riak to the population ia 
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relatively high. When minimum standards are aet, induatry 
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usually uses these as an operating level. It seems that if 
radiation from nuclear power is inevitable, and that no threshold 
for radiation exists; standards should be set by technological 
limits, while still making possible the development and use of 
nuclear power. 

ii. The Fission Reaction 

The atomic nucleus is made up of a variety of particles, 
the major ones b^ing the proton and the neutron. Each is very 
nearly equal in mass but while the proton has an electrical charge, 
referred to as plus one, or simply +, the neutron is electrically 
neutral, or has no charge. The nuclei of elements range from 1 
proton for hydrogen, the lightest element, to 257 protons and 
neutrons in a^manmade element called Lawrencium. Uranium 235 
contains 92 protons and 143 neutrons. 

When the nucleu of a Uranium 235 Atom is struck by a free 
neutron, the nucleus splits, forming two lighter nuclei and more 
free neutrons. These free neutrons can then collide with more 
Uranium 235 nuclei and continue the fission reaction. (See Fig. 2) 

The fission products are important when the understanding 
of the energy released in this type of reaction is desired. Each 
proton and neutron has a definite mass. However, when the mass 
of any nucleus is determined, it is found that this mass is less 
than that which would be obtained if the masses of the constituent 
protons and neutrons w^re summed. This "mass defoct" is related 
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FIG. 2 FISSION OF URANIUM ^ 
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to the energy which is requi;rad to "bind" the nucleus together— 
hence "binding energy". 

After a fiss* ^n process takes place, th«/ sum of the masses 
of all the resultant particles is less than the mass which was 
present at the beginning of tli«. reaction. This difference in 

V 

mass appears ais energy according to Einstein's mass-energy and 
appears primarily as heat. 

In a reactor, the fission process is controlled to maintain 
a steady production of thermal energy. This is done 'by "moderating 



the neutrons which bombard the uranium 235 nuclei. If the 



A. 



reaction starts to siuw down# more neutrons are allowed to ^nter 
the U-235; should the reaction begin to take place too rapidly, 
the neutrons are absorbed in a non-reacting material. 

iii. The Fusion Process 

The fusion reactor, or a controlled fusion reaction on 
the scale necessary to produce electrical power has not yet been 

developed. However, because of the enormous potential of this 

I 

type of energy, a minimal understanding is desirable. 

In the fission process "light" elements are formed from 
"heavy" elements, with an energy release. The fusion process 
as the name /implies does just the opposite; lighter elements are 
fused together, forming heavier elements, (See Pig. 3). Where 
those elements which are fissionable are either scarce or require 
sophsiticated technology for their preparation, fusion fuels are 
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FIG. 9 FUSION 
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almost -plentiful aa the' water around us. 

The essential fuel for fusion is a form of hydrogen, called 

heavy hydrogen or "deuterium", that exists in all water. For 

every 6500 atoms of ordinary hydrogen in water there is one atom 

of deuterium. In theory, the fusion of the deuterium in one gallon ^ 

of water would produce energy equivalent to that obtainable from 

the combustion of 3000 gallons of gasoline. Since it costs, with 

today's technology, about 4<: to extract all the deuterium from a 

gallon of water, the enormous potential of this type of power 
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becomes clearly obvicus. It has been estimated that the fusion 

fuel reserve^^ound Jin the oceans would satisfy the world's 

^ 36 
current rate ofHRower consumption for billions of years J 

However, as bright as the prospects for the utilization of 
fusion power appear, extremely difficult technological problems 
must be solved before this "ultima'ue" potential source of power 
can become a reality. Before discussing these problems, a further 
looX at the fusion process is desirable. 

The energy source of the sun and other stars in all probability 
appears to be the fusion of ordinary hydrogen. It was stated 
earlier that the essential fuel for fusion on earth is deuterium, 
an isotope of ordinary hydrogen ,/ An isotope of an aton? is a 
different form of that type of atom. What distinguishes an isotope 

O 

of an element. from an ordinary atom of that element is the number 
of neutrops in its nucleus, in the case of hydrogen, the nucleus 



of th« ordinary «tom, or »oit conwion atom coniift* of ono protpn. 
The deuterium nucleue containe one proton and one neutron*. 
The^e ii yet another form of a.^ hydrogan atom, tritium. The 
tritium nucleua. called a triton (T) it compoaed of one proton 
and two neutrons. Thie iaotope i» radioactive and ia very r^re 

in nature. ♦ 

iv. The Fusion of Deuterium and Tritium 

Since deuterium ia relatively abundant and cheap, the 
use of this isotope as the fuel for fusion is most desirable. 
TWO reactions of this type are known j (see Fig. ^) 

(1) ^D^+ ^D^ ^ 2^®^'*"- o*"^"*" 

Symbolically, the above reaction means that two de^uterons 
(deuterium nuclei) interact (fuse) to form an isotope of helium 
with the resultant release of a neutron and 3.2 million electron 
volts of energy. ' The second reactions 

(2) ^D^ .+ ^0^ -y' r— 3^T^j^H^4.0 MeV 

two deuterons reacting to form a triton, proton and releasing 

4.0 million electron volts of energy leads to yet another reaction 

(3) i^^'^i'^^ ►2"®^''^"*" ^"^'^ 



The electron volt is a unit of energy whose definition arises out 
of the motion of a charged particle thr<>ugh a difference of 
potential. In thinking of the fusion process as a source of 
thermal energy for the production ol electrical power, it may toe 
more convenient to think of the electron volt in thermal energy 
units, or calories.^ One MeV (MeV is the symbolic representation 
for one million (10^) electron volts) is approximately equal to 



3.8 X 10'-^^ cal. 
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D«OEUTERIUM (HEAVY HYDROGEN), ,H * p« PROTON, ,H* 

T«TRIT;UM (HEAVY HYDROGEN), ,H* jHe'«HELIUM NUaEUS (ISOTOPE) 

n « NEUTRON. ^jn« ^H^^ 'HELIUM NUCLEUS 



MG.4 DEUTERIUM- OEUIERIUM FUSION 
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ox tilt trit^ toHMd in XMction 2.oonbin«i with anothtr a^uttron 

forming an ordinary helium nucXaus« a neutron and releasing 17,6 
million electron volte of energy. 

Since these three reactions occur sequentially* the net 
reaction, starting with two deuteronn (equation 1) releases 
3.2 + 4.0 + 17.6 « 24,8 MeV. This leads to the donclusion that 
the complete fusion of the deuterons in one gram of deuterium will 



yield 5.6 x 10 calories. Therefore, since a gallon of ordinary 

water contains one-eighth of a gram of deuterium, its energy 

9 \ 
equivalence is 7 x 10 calories, which is approximately equal to 

the combustion energy of 300 gallons of gasoline, as stated 

earlier. 

« 

~~ The amount of deuterium estimated to be in the oceans is 

4.5 X 10^^ grams. With a fusion energy content of 2.5 x 10^^ 

20 * 
calories, or approximately 3 x 10 kilowatt years* At a world-* 

9 

wide energy consumption rate of 5 x 10 kilowatt-years, (1964 
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figure) these reserves should last billions of years. 
% However, to achieve self-sustaining fusion, the nuclei have 

to possess very high energies. Thermo-nuclear reactions are 
those fusion reactions which are brought about by means of high 



A kilowatt (one thousand watts) is a unit of power, which is the 
rate of energy consumption. Multiplying kilowatts times a year 
(kilowatt year) yields the amount of energy consumed in the period 
of a year. 
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temperaturei. Temperatlires of 40 million degrees Kelvin and 

'as million degreee Keliin would be required to sustain D+D and 

• 38 
D+T reactions, respectively. 

It ehould be obvious "to even the least scientifically 
oriented person that temperatures of such magnitude (the 
temperature of the sun's interior is 15 million degrees K) cannot 
be contained in the normal sense of the term. Any container would . 
be changed to a gaseous state if it were subjected, to sustained 
temperatures of much less magnitude for any appreciable time. 

Also, at such temperatures, the electrons are stripped off 
from atoms forming positive ions (atoms without the required 
number of electrons; surrounding the nucleus) . The gas thus formed 
is called a PLASMA. Since the plasma is electrically charged 
it exhibits magnetic properties. 

These magnetic properties offer the potential for confining 
the gas (deuterons and tritons) and achieving the high temperature 
necessary for the fusion reaction to take place. 

Moving charged particles generate a magnetic field around 
the path of their motion. Since magnetic fields have attractive 
or repulsiv tendercies, depending on their respective directions, 
it is possible to "contain" moving charged particles in a closed 
path due to the interaction of their field and an externally applied 

* i f — ' — — — — — — 

The Kelvin scale is used to measure "absolute" temperature. The 
centigrade (Celsius) equivalent is found by subtracting 273 from the 
.<elvin reading or K = C + 273. 



0 
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r fitld. viiriotta •hipta of Mcttnitl Mt«nttie fitldt 1iav« bsm 

attanpted to produce tha dasirad affact of craatin^ a "magnatlc 
bottla** in which a auitainad fusion raaction can ta)ca plaoa. 

Controllad fusion reactions have bean achieved recently on a 
laboratory scale, although for an extremely short duration. 
Research is currently underway in this area with the expectation 
that a controlled thermo-nuclear reaction producing electricity 
can be achieved by the end of this decade* 

D, Tidal Power 

Tidal power can be obtained by controlling the tidal filling 
of a bay or estuary by means of a dam. 

Using the tides as a source of power was considered as far 
back as the 1930 's. A joint venture of the American and Canadian 
Governments was then discussed (the Passamaquoddy Project) which 
would harness some of the energy of the tides in the Bay of Fundy# 
between Maine and Canada. Fully developed, the proposed site 
would develop 300 megawatts of power, which is about one third of 
that which a large fossil fuel steam driven turbo generator can 
develop. A recent renewed interest has been exhibited in the 
Passamaquoddy Project. 

One full scale tidal power plant has been built to this date. 

It is located on the Ranee estuary on the coast of France, and 

its capacity in 1966 (when opened) was 240 megawatts, with a 
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planned ultimate capacity of 320 megawatts. 
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Although harneiftlng the tides as a eouree of electrical power 
has a thermal advantage (no waste heat as a resultant product) , 
it is not the sole answer to the problem. First* ecological 
changes which will occur as a result of sustained flooding of 
tide-water areas must be reckoned with, and second, the total 
energy available is small, relative to the need. 

It has been estimated (and all estimates of this nature are 

subject to challenge) that the harnessing of all favoreUsle sites 

in the United States would yield about 100 GW (a GW, gigawatt or 
9 

10 watts) . A recent estimate by Westinghouse indicates that 
U.S. utilities must add more than 1,000 GW of new capacity, or 
ten times the total amount available from tidal sources, between 
1970 and 1990."*^ 

E. Geothermal Power 

The term "geothermal" refers to the internal thermal energy 
of the earth. Utilization of this heat from the earth's molten 
core and from nuclear and chemical reactions in the earth's crust 
is yet another means of producing electrical power. 

Geothermal power plants are presently in operation in Italy, 
California, the Soviet Union, New Zealand, and Iceland. Although 
the entire interior of the earth is considered a potential heat 
source, only volcanic sources are significantly exploited at this 
time. 

A geothermal plant in Italy, in operation since 1904 has a 
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eavr«nt cmpwity of 370 latgcMatta. Tht two othor major 9«othorm«X 

power producers ara Tha Gayaart in Northern California, generating 

62 inagawatte in 1969 witlj 400 megawatts projected for 1973. and 

Wairakei in New Zealand, with a capacity (believed to be the 

41 

maxirau(ti for the site) of 290 megawatts* 

According to Donald E. White*^ of the U.S. Geological Survey, 
the total explqi-table geothermal energy ranks comparably with 
tidal energy as a potential source of electricity. However, what 
is considered unexp) citable now, may, for a variety of reasons, 
new technology being one, become viable sources in the future. 

F. Solar Energy 

Increased use of solar energy, the continuously radiated 
energy from the sun to the earth, is an attractive alternative 

for two reasons: 

1. Although it^^^supply is not infinite in fact, it is in 
effect. The earth is truly a satellite, a fellow 
traveler- of the sun — when the sun "goes out" so does 
the earth. 

2. Where the burning of fuel for the purpose of electrical 
power production injects another form of energy — heat 
— into the environment, solar energy would not, it would 
normally appear as heat. 

The amount of sun power intercepted by the earth is about 
100,000 times as great as all of the present world •s electrical 
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generating capacity. However, thie energy ie so diffuse, that 
collection poses an extremely difficult problem. 

Aden and Mar jorie Meinel of the University of Arizona, 
suggest, in a report to the Arizona Power Authority, that efficient 
collection of 14 per cent of the sunlight falling on the western 
desert regions in the United States, could result in the production 

of 1,000 GW of electrical power approximately that amount of 

additional power needed between now and 1990.^^ 

Various schemes for utilization of solar energy are being 
discussed. Most rely on a storage system, because of the variation 
of incidence of sunlight. Basically, methods based upon storage 
operate as follows. Sunlight would be collected and focussed on 
a point where a heat exchanging fluid would be heated. The heated 
fluid would be pumped to a heat storage system, possibly molten 
salts at lOOO^F. Another heat exchanger would be used to generate 
steam at the same temperature, the steam then to be used to drive 
turbines. 

According to the Meinels, a solar power plant of 1,000 

megawatts capacity would require a thermal storage tank of 300, OOp 

gallon capacity and solar collectors of slightly more than one 
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square mile in area. 

Peter E. Glaser of Arthur D. Little, inc. has a space age 
oriented proposeal for solar power. His system would utilize the 
panel of solar cells in an orbit 22,300 miles above the earth. 



ht thmt 4i«twic* tht ptriod of orbit would bo '^u*X to that of 
the earth' a rotation, and panel* ^uXd ba exposed to cbntinuoue 

sunlight. ^ 

The aolar cells would convert the sunlight directly tc 
electricity. The electrical energy would be converted to microwave 
(electromagnetic) energy for transmission to earth for reconversion 

45 

to electricity. 

Since much of the technology needed for this type of system 
has yet to be developed, from the direct conversion solar cells 
to the space shuttle needed to construct the orbital "solar 
antenna", it is obvious that Glasers' scheme is one for the 
future — at best. 

III. WHERE DO WE GO FROM HERE? 

Dr. Hyman Rickover, called by some "the father of our nuclear 
navy", has referred to this era of time as "The Fossil Fuel Age". 
The implication being that this, liXe the "Ages" before. Stone, 
Ice, etc., will pass into eternity. He has estimated that the 
total amount of fossil fuels used before 1900 would be consumed 
in less than a five year period at the current rate of use. 

The picture painted of the energy crisis is indeed somber. 
What story does the painting depict is the question that remains 
to be answered. 

The history of power generation has, like that of many of the 

44 



manufacturing induatriaa haa baan ona of maximizing production 
vil\iXa minimizing coat a. "To a prrf jund axtant, thia philoaophy 
haa lad to a rapid reduction of natural raaburcaa of virtually 
all typaa. What onca waa diacardad aa waata in a manufacturing 
procaaa may now ba conaidarad aa a. uaabla-grada ora. Souroaa of 
minerals once paaaad by bacauaa of relatively low yield are now 
being exploited. "Recycle" is becoming the watchward of our time. 

In the not too distant past, coat factors in production did 
not include the accoir^ai.ying deleterious, sometimes disastrous 
effects on the environment. 

It was stated earlier that a possible alternative to^ current 
methods of power production might be the construction of smaller 
multi-faceted plants (i.e., a combination of various types - nuclear 
fossil fueled, hydroelectric, aqlar, etc., the types being 
dependent upon geographic location) as integral parts of residential 
or industrial complexes. This could enable the use of what is, 
under the present system, waste heat. Centrally located power 
plants could reduce the distance this energy would have to be 
transported, thereby making its use feasible. 

This would be doubly beneficient - reducing the consumption 
of fuel for heating purposes by using the waste heat, and reducing 
the environmental thermal load. The latter benefit can be 
ascribed to several factors, two being i 

1) less energy will be converted into heat, and 
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a) tht thmwml iitelmt intM4tto«!dl lay thm eonvsvaion o< 
•ntrgy will bd •pr««d ov#r a l»rg«r «r«*# thui waking 
iti abiorption into tha acoayitain laai dramatic. 

Tha ar^umant agalnit thia radical dapartura from praiant 
practica ia quita obvioua - coati 

It ia claar avan to thoaa far ram^vad fron tachnology# that 
it coata mora to build two - or mora - r.«Allar planta rathar 
than ona — from tha amount of land nacasaary for tha aita/a 
to the procuramant and tranaportation of tha matarial* raquirad. 
It is also quita probable that mora personnel will be required 
to operate and maintain multiple locationa. I'm sure there are 
a thousand ways whereby the increased costs of such a system 
could be demonstrated by those whose responsibility it is to plan 
and build. 

4 

But, one factor has consistently been excluded— that of the 
environmental effect and resource depletion. The reasons for 

this exclusion are varied, but complexity is surely obvious, 
couple complexity with no apparent need - no solution is possible 
becauy- in effect, no problem exists. 

However, since necessity is the mother of invention, and 
international concern over industrial environmental ♦affects is 
rapidly mounting, rest assured that the new cost factor will 
evolve quantitatively. 

This will mean a higher cost to the consumcir. However, it 
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will ttt b# a n«w cc«t, but for the firit time, it will be direct. 
A prije hao been paid for aome time by all, but in varying 
pi^jportiona. Rivera, laXea and harbors have been closed to 
fishing and recreational use due to various types of pollution - 
industrial and residential; To be denied their use certainly 
exacts a price. What hasn't been done, and quite probably can't 
be done, is to afix a specific figure. 

Realizing increased direct costs to be inevitable, what 
courses of action arte open? First, if widespread recognition and 
understanding of this necessity were achieved, the development 
of the instruments of change and their means of implemenj:ation 
would be enhanced. On the other hand, ignorance of the problem 
by a large segment of the population can only result in solution 
by governmental imposition, with all the delay and bitterness 
concomitant with it. , 

An enlightened, concerned, and involved citizenry is not only 

desirable— it is necessary. 

And finally, because of our inherent acceptance of the use 
of fossil fuels as the primary source of power production, 
development of alternate methods has lagged. Any major departure 
from our near total dependence upon fossil fuels is made more 
difficult by the general attitude towards research. 

Pure research is quite costly both in manpower and 
instrumentation. It is easy to put off since its cost, in general. 



««niiot hm offset by iMn^iatt mums. Th»t 4t« th«r« U usually 
a conaidarabla tima lap«a batwaan axpanditurai for raaaarch and 

any proflta which may ultimataly raault, Tharafora, in ordar to 
support raiaarch in any givan aactor, profita must ba raducad 
' or pricas for currant ly producad products incraasad, or both. 

Amarican industry, again, ganarall^ spaaking, has utilizad 
^ dangarously /small proportion of its ^»varall budgat for rasearch 
purposes. In the powar industry vast raaaarch and davalopmant 
programs must ba continually maintained, in ordar to meat tha 
ever increasing demands for electricity. 

IV. LABORATORY EXERCISES 

Laboratory Exercises One 
MEASUREMENT AMD DENSITY 

Purpose t The student will gain a familiarization of the Metric 
System of Units through the use of several measuring 
instrments. Densities of several substances will be 

* 

determined and compared against accepta'd values. 
Equipment and Apparatus t 

1. vernier, Calipers (Student Grade) 

2. Micrometer Calipers (Student Grade) 

3. Meter Stick 

4. Platform Balance 

5. Graduated Cylinder 

48 



' 6. Assorted •amples to b« m«a8ur«d. (cylindrical, 
ractangular solid, irregular.) 

Procedura l 

First examine the various instruments with which measurements 
are to be taken, see if you can daduca how they are to be read. 
If you cannot, consult the instructor. 

Determine the dimensions of the various samples, using each 
measuring instrument where possible. Record the data in tabular 
form in your Laboratory NotebooH, on a page titled, DATA. 

Using a platform balance, determine the record the mass of 
each specimen. 

Calculate the volume of each specimen and record in tabular 
form on a page titled RESULTS. Using the equation d«H/V (density 
is equal to the mass of a substance divided by its volume) 
calculate the density of each substance and record in same the table 
as the volumes. 

INDIRECT MEASUREMENT 
You will now determine the densities of the samples 
indirectly. 

Archimedes discovered that submerged objects displaced a 
volume of water which was equal to the volume of the submerged 
object. Therefore, by measuring the volume of the water dis- 
places by an object, the volume of- that object can be ascertained. 
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Partially fill a graduated cylindar with water* Recojrd the 
Xavel. ln«i«r»e pbjact whpue volv«w i» to be determined. Record 
the level to which the water has rieen. 

The difference between these two levels i» displaced water 
hence, the volume of the object. Repeat for all saii«)le8. 
Conclusion a t 

YOU have taken various measurments using different instruments. 
Write a short critique of the exercise you have performed, being . 
sure to touch on the following questions i 

1. Were your measurement^ exact? 

2. Which were the most accurate? 

3. What sources of error (specific) are involved? 

4. Can the volume of a substance lighter than water be found 
by the displacement method? If so, how? 

Most physics textboo)cs contain tables which list the densities 
of th« samples you used. Loo)c them up and record in the table 
on your Results page, in a column entitled "accepted values." 

Determine the % error between -your findings and the "accepted 
values" in the following manner* 

% error « accepted (standard) value - experiit|ental value times 
100% standard value. 

Do you thin)c your results are acceptable? Why or why not? 
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Laboratory Exercise Two 
POWER 

Purpose » TO acquaint the student with the quantitative meanings 
of energy, work, and power. 

Energy is defined as the ability or capability of doing work. 
The work referred to here is quite different than that which is 
commonly thought of outside of scientific circles. In order to 
be quantitative (to be able to measure, or associate numbers with 
a quantity) a specific definition is needed. 

In physics, work is defined as the product of a force and the 
distance 0'."^r which that force acts. For example, in order to 
life a weic , of 20 lbs. straight up, a force equal to the weight 
must be applied. If the weight is raised, say, 5 feet, the force 
has acted over a distance of 5 feet. Therefore, according to 
the definition, the work done is 20 lbs. tinr.-J 5 feet, or 100 lb. 
ft. or by convention, 100 ft. -lbs. 

No mention has been made so far as to the time required to 
raise the weight. This is because the amount of work done is 
independent of the time over which it is done. 

This is where power comes in. Quantitatively, power is 
defined as the time rate of doing work. Or, more simply, the 
work done divided by the time over which it was done. That is 

power = work/time 
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' LetU lay M work done in th« pr«viott« tkaEpU was doW In 

10^ seconds. 

100 ft 'lbs 10 ft » lbs - 
The power therefore was ^^c ^^"^ ^ * ^ 

100 ft. lb 20 ft. lb 

work were performed in 5 seconds, power • 5 sac * 

The unit of power commonly used in our system of units is 
the horsepower . It is defined as ^^^J^'^^ -ince it waa determined 
that an average horse could work at that rate for a sustained 

period of time. 

In this exercise, you will determine the horsepower you 
develop in, climbing stairs. The work you do is the raising of 
your weight from the bottom to the top. 
Equipment and APPararuai 

1. yard stick 

2. stop watch 

3. scale (to determine weights of students). 

Procedure ; 

• 1. determine and record your weight. 

2. Measure and record the height of the staircase. 

Then climb the stairs at your normal rate, measuring and 
recording the time required. '^?hen .lepeat, climbing at a hurried 
rate and finally, climbing as fast as you can. NOTE: IP FOR 
REASONS OF HEALTH YOU ARE NOT TO OVERLY EXERT YOURSELF, OMIT 
CLIMBING THE STAIRS AT ANY ACCELERATED RATE.' 

Now calculate and record the horsepower you developed in each 

of the trials. 
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Force timet vertical diatance travelled H.P, 
power in H,P. * ^ ^ ^ « 



550 Ft. jb required 
sec 



Note for previous example 



power in H.P. - ^° ^g'lb^^ * " '"^ 
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550 X 5 sec 

sec 

For the trial in which you climbed the stairs at a normal 
rate, calculate and record the ratio Qf your weight to horsepower. 
Compare this figure with that of the automobile you drive. 

Laboratory Exercise Three 
SPECIFIC HEAT 

Purpose; This exercise is designer! to acquaint the student with 
the concept of specific heat. The specific heat (c) 
of a substance can be defined as the amount of heat 
necessary to raise the temperature of a unit mass of 
the substance one degree. 
What is implied in the definition is th^t identical masses 
of different substances will require different amounts of heat to 
raise their temperatures an equal amount, or these substances 
can give off different amounts of heat while cooling through an 
equal temperature range. 

In this exercise, various metallic samples will be heated 
in a beaXer of boiling water. After they have reached the 
temperature of the boiling water (equilibrium) they will be placed 



in an insulated container of cooler water. 

The heat gained by the sareplee in the boiling water will be 
traniferred to the cooler water, caueing ite temperature to rise. 

By recording the neceeeiiry data and uaing the appropriate 
relationships, the specific heats of the various sawples will 
be determined. 
Equi pment and Apparatus > 

1. burner, r*:and, and beaker 

2. varvms metallic samples whose specific heats are* published 

3. thermometers 

4. calipers (to remove samples from boiling water) 

5. styrofoam cups 

6. balance 
Procedure : 

1. place samples in boiling water, leaving them in sufficient 
time for equilibrium to be achieved. 

2. determine and record the mass of styrofoam cup. 

3. place enough water in cup so as to cover one of the samples. 

4. determine and record mass of water in cup, 

5. determine and record the temperature of the water in the 
cup. 

6. read and record temperature of boiling water. 

7. remove a sample and quickly place it into styrofoam cup. 

8. gently stir the water and record the new temperature. 
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9. moasure and record the mass of tha sample. 
10. replace sample into boiling water. 

IX. repeat steps three (3) through ten (10) for all samples. 
Calculations t 

The heat "lost" by the heated sample is equal to the heat 
"gained" by the cool water (excluding extraneous losses) , or 
symbol ically^ 

i(lost) « Q (gained) 
The heat "lost" or "gained" by a substance can be found by the 
expression 

Q(lost or gained) » McAt 
where M is the mass of the substance 

c is the specific heat or the substance 
At is the temperature change it has undergone. 
Therefore, for this exercise 

1 McAt (of sample) « McAt (of cool water) . 

Knowing the specific heat of water to be 1 calorie per degree 
Celsius (Centigrade) per gram, the only unknown in equation 1 
is the specific heat of the unknown. 

Determine the specific heats of the unknowns. 

Refer to physics texts and find the published values for 
these specific heats. Compare your experimental results with the 
published values by finding the % error for each. Record in 
tabnlar form in Results page. 




write a erltiqu* ai«eu««in9 •oure*« of trror* It •ptolfie 

where possible. 

Laboratory Exercise Pour 

V 

MECHANICAL BUUIVALENT OP HEAT 

Purpose } The purpose of this exercise is to demonstrate to the 
student the direct relationships between mechanical 

energy and thermal energy, heat. 

Most people know to varying degrees, that there exists a 
relationship between work (in the scientific sense) , and heat. 
This can easily be demonstrated. Press your hands firmly on 
the desk or table top. Now slide your hands. How do they feel? 
Do it again, only pressing harder. Is there any difference? 

Is work being done? The definition of work is satisfied. 
A force of friction is created between the table top and your hand 
Thia force is then moved through a distance (you moving your 
hands) . Therefore, work is done. And — 

Thermal energy is produce - your hands get warm. This 
experiirent will demonstrate the existence of a quantitative 
relationship between the work done and the thermal energy produced 
Equipment and Apparatus t 

Mechanical equivalent of heat apparatus similar to that 

available from Sargent-Welch or Klinger Scientific Apparatus 

Co. Thin apparatus consists oft 

1. a copper calorimeter in the shape of a drum 



2. a thttrmometar 

3. m Gopptr band 
. 4* a 5 kgm mass 

5. a length of cord 
Also needed i'^ut not included 

1. a meter stick 

2. platform balance 

3. an additional thermometer, 

» 

Procedure t 

Set up apparatus according to the diagram which accompanies 

it. 

Adjust the copper band and cord such that the band is 
wrapped around the drum-calorimeter 4-5 times, and the steady 
turning of the crank will raise the 5 kgm mass off the floor and 
keep it steadily suspended. 

contemplation will show that the frictional force between 
the copper band and the drum is just equal to the weight of the 
suspended mass in this configuration, and that turning the crank 
is effectively moving that frictional force. Now, disassemble the 
apparatus. You will reassemble it exactly as it was as you follow 
the following sequence of steps. 

1. Measure and record the mass of calorimeter and copp-. r 
band (exclude thermometer) . 

2. Fill calorimeter with 50-60 grams of water which is approx-' 
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^- room t«i#«v«tur«» (vMofd this t«»p«v«tiir*). 

3. Replace the calorimeter on to the apparatus. 

4. Turn crank at a stead rate for 200 turns* 

5. Raad and record temperature of the water in the calorimeter. 

6. Determine and record the circumference of the calorimeter. 
(This can be done by appropriately fastening the copper 
band to the calorimeter holder, measuring the height the 
5 kgm mass is above the floor? turning crank one (1) 
complete revolution; remeasure the height of the mass. ' 
The circumference is the difference of the two heights) . 

Calculations t 

Heat is developed by the work done by the frictional force 
between the copper band and the drum, much in the same manner as 
when you rubbed your hands. This frictional force moved through 
a distance of 200 circumferences of the drum. Therefore, the work done 
is 

work « 200 rev. times (# of cm/rev) times w (weight) 

2 

w (weight) « 5 kgm*9.8m/sec « 49.0 nt. ' 

the quantity of work done, measured in the metric system will be 
in joules (1 joule « (one newton) times (one meter) . To find the 
mechanical equivalent of heat (J) or how much heat one could 
expect to gain from a specific amount of work, the amount of heat 
produced must be determined. 
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The heat Q ij -^l^und by 

* 

Q» (M ,+M )c tt + VL C„ n Lt -i- 0,0008 At 
^ * cal cu' cu H5O H5O 



where 

M . is the mass of calorimeter in 
cal 

M is the mass of copper band 

cu - 

M_ _ is the mass of water in the calorimeter 

c is specific heat of copper 
cu 

c„ is specific heat of water 

At is change in temperature of calorimeter and water 
.0008 is a correction factor for heat absorbed by thermometer 
(all masses must be in kilograms) . 

Therefore the mechanical equivalent of heat, J can now be 

found 

- W (work) 
Q 

and its units will be joules per calorie. 

Compare your results with those of your classmates and the 
accepted value. 

Write a critique describing possible sources of error. 



This value pertains to Klinger apparatus. 
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PREFACE 



This teaching module contains all the information needed to 



teach a three to four week segment of a course dealing with 



problems of the environmental pollution. 

The basic sub-division of the module are as follows: 



1 




Introduction 


2 




Physics of Sound 


3 




Measurement of Sound 


4 




Physics of the Ear 


5 




Audiometry 


6 




Medical Effects of Noise 


7 




Legal Aspects of Noise 


8 




References 



The sub-divisions are arranged presumably as they will be presented. 
It is the intention of the author that the unit c- lied 



"Introduction" be given to the students at j:he outset so that the 
students are made initially aware of the overall problems of noise 
pollution. At this point the class could be divided into 
committees and each given a sub-division to research and report 
back to the class. Using this as a spring board the instructor 
could taXe one committee report each time as a basis of -i. unit. 
There are sample references in the back of the module so that the 
instructor could make a copy of the list and distribute it to the 
committees. 
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I. INTRODUCTION 

Sound is all around us. It is very important in our lives. 
It is one of the most important means of communication - it can 
be a source of pleasure. On the other hand it can be a source of 
discomfort and distraction. This unwanted sound is called noise. 
The word noise is derived from the same Latin root as the word 
nausea - defined as a discomfort of the s'jomach. One can see the 
connection between noise and the feeling of discomfort it provokes. 
In fact evidence compiled through expanded medical research, 
indicates that noise constitutes a health hazard, not only as a 
cause of deafness, but as it relates to other aspects of health. 
It is interesting to note that much of the sound that bombards our 
ears today is considered by those responsible for its emission as 
pleasant rather than noise. For example, rock'n'roll groups and 
hi-fi enthusiasts use high powered electronic amplifiers which 
are a definite threat to the hearing of the general public. These 
people are often responsible for generating sounds at levels 
approaching the threshold of pain. 

What is noise? Previously we defined it as unwanted sound but 
we must expand the definition. Physically, noise is sound, but 
it is sound which is uninvited, unwelcome, unwanted, uncomfortable, 
and unhealthy. 

Since noise is sound, to understand the problems presented by 
noise we must have a better understanding of sound. To be able to 



appreciate the diffi<:ulties presented by noite we must be able to 
answer such questions ast 

What is sound? 

How is it generated? 

How is it transmitted? 

How do we hear? 

What are the physical consequences of noise? 
What is being done to alleviate the problem? 

Let us take each of the questions one at a time, although 
it is easier to consider the first three together. 

What is sound, how is it generated and transmitted? 

Sound is a threefold phenomena. It must have a source. All 
sounds are produced by the vibrations of bodies. The number of 
times that a body vibrates per second is called its frequency. In 
pianos and saxophones, for example, the sounds are produced by 
vxDrat.ing strings and a reed. The human voice is the result of 
the vibrations of the vocal cords. 

Sound must have a medium to be transmitted. Most sounds are 
transmitted to our ears through air as a medium. However, any 
elastic substance whether solid, liquid or gas can transmit sound. 
Thus tho sound of a neighbor's television is transmitted through 
the ! loors and wai;Ls of our houses or apartments. The fact that 
aound travels in solids . •? evident if we r'^^call the old Indian 
trick of putting one's ear to the ground to haar if any riders were 
approaching. 
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Sound must have a detector - The Ear « The sympathetic 
vibration of the ear mechanism and the translation of these vibrations 
into electrical impulses which ate interpreted by the >^rain as 
sounds. 

The next question to be answered is how do we hear? 

The human ear consists of three principle parts, the outer 
ear, the middle ear, and the inner ear. Sound energy entering the 
outer ear travels through the medium until it reaches the ear 
drum, which is caused to vibrate in response to the sound pressure. 
The middle ear contains three tiny bones which couple the vibrations 
of the eardrum to the inner ear. The inner ear, which is filled 
with liqu.'.d, contains the sensing element. The function of the 
middle ear is to transmit the sound vibrations from a gaseous 
medium to a liquid medium. It is in the inner ear that the sound 
vibrations are translated into electrical impulses which are 
carried to the brain by the nerves. Before we can consider tie 
next questions we must examine how sound is measured so that we can 
speak intelligently about its effects. 

The pressure level of sound is measured in units known as 
decibels, abbreviated and named in honor of Alexander Graham Bell.- 
Zero decibels (OdB) is the weakest or faintest sound that a pair 
of young healthy ears can detect. The decibel scale haa a range • 

> 

of 0 to 140 for normal sound measurements. The scale is not linear 

f 

■» 

but logarithmic like that of the slide rule, so that 20 dB is ten 
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times tha intensity of 10 dB' and 40 dB is 1000 times the intensity 
of 10 dB. This kind of scale is necessary because of the incredible 
range of sound levels that the ear is capable of handling. Some 
typical sound levels are shown in the table beibw. 

dB 



( 
} 



20 



ao 
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Rustling leaves 

Soft Whisper at 5 ft. 34 

Window Air Conditioner 55 

Normal Conversation 60 

Vacuum Cleaner (Home) 70 

Ringing Alarm Clock 

Loud hi-fi in a large room 

Beginning of hearing damage (if 85 
prolonged) 

Heavy city traffic ' 92 

Home lawn mower 98 

150 Cubic feet air compi 100 

Air Hammer ' ' . 107 

Metal Cutting Saw 110 

Jet Liner over head 500- ft. 115 

c 

Threshold of Pain 140 

To appreciate the tremendous range of sound levels that the 
ear is capable of detecting we might point out that the intensity 
of the sound generated by a jet liner is ten billion times greater 
than that of rustling leaves. 

v.- 
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What are the physical consequences of noise? 

Noise affects the human in two ways. The first is the actual 
physical damage which it causes due to the intensity. The other 
is the psychological effect which eventually has more severe 
consequences. 

While V the human ear can handle an incredible wide range of 
sound power, it is unfortunately not immune to the effects of 
that power. Noise causes damage in the complex inner ear where 
sounds are sensed. In this tiny snail-shaped structure are 
microscopic hair cells that convert the mechanical motions of the 
sound into electrical signals which are sent along the auditory 
nerve to the brain. These hair like cells are easily damaged in 
intense noise. Allowed to rest in quiet, they can recover. But 
if the noise repeats itself too soon, they can be permanently 
damaged. Noises which are most dangerous to hearing are those 
which are loud, high-pitched, pure in tone and long in duration. 
Sharp, loud impulses noises like gunfire, are also very harmful. 

Noise not only directly affects the ears, but indirectly 
affects other parts of the body as ^ell, specifically the cardio- 
vascular system. Noise increases the level of artery-clogging 
cholesterol in the bipod, and therefore raises the blood pressure. 
Even moderate noises cause small blood vessels in the body to 
constrict and to reduce or cut off blood flow. This action called 
vaso-constriction reflex is one of the body's automatic ways of 
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r^tponding to thm itx^sa of noUm. Moii« has th« opposite •ff«cf 

on blood vessels of the brain. It makes them dilate, or enlarge 
thereby causing a headache. Noise further threatens the heart 
itself by directly altering the rhythm of its beat. The heart 
is also made to work harder due to the constrictions of the blood 
vessels. 

Noise affects nerves and emotions as well as the body. In 
certain rare forms of epilepsy, for instance, noise can trigger 
seizures. Sudden loud noises cause fear reaction which raise the 
nerves to a fever pitch. On the job, noise more often acts as 
an annoyance through interference with the thought processes and 
interposing itself in conversation. Noise triggers the Lombard: 
effect, a reflex which makes a person speak louder. An even more 
subtle effect of noise is its effect on workers' personalities. 
A study of steel workers has shown that men who work in noisy 
conditions were more aggressive, di«lETtrfet ful and even paranoic 
than were men who worked in quieter circumstances. 

Let us now consider the legal consequences of sound pollution. 
Noise as a lejal problem in American society has been around for 
a long time, in the 1800 's a group of residents on properties 
^djo'irning a blacksmith shop went to court complaining of the noise 
from the continual operation of large sledge hammers. The court 
granted an injunction restraining operation of the shop between 
8 P.M. and o A.M. The following are possible grounds for legal 
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action because of excessive noise t 

Violation of municipal zoning ordinances. 

Interfering with rights of neighbors. 

Subjecting an employee to continuing excessive noise. 

Subjecting a person to a single excessive noise. 
It is not enough that zoning codes and laws are in existence, 
people must become involved in their enforcement. Too many of us 
today are apathetic and willing to accept the cacaphony that 
surrounds us. On the local level there are statutes and codes 
that the local enforcement agencies may not be an.-'ious to bring 
into play. It behooves the private citizen to take a stand against 
noise. 

On the federal level there have been some small strides taken. 
For example, the Walsh-Healey Act which contains noise pollution 
restrictions that must be observed by companies doing more than 
$10,000 worth of business with the government. The law applies 
to plants, factories, buildings or surroundings or under other 
working conditions. There is also a federal law that includes 
noise pollution restrictions on construction sites. 

Recently in New York a judge ruled that to constitute a 
nuisance, a noise must only be "unusual, ill tuned, or deafening 
and must interfere materially with the comfort of ordinary people." 

It would seem that 90% of the sound that surrounds us can be 
considered a nuisance. 
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It: PHYSICS OP SOUND 

' A famous old riddle considers the problem of a large oak 
tree falling in a forest. If no one was in the forest at the 
time the tree fell, the question is raised as to whether a sound 
was produced . when the tree crashed into the ground. The answer 
to this question is based on the definition of sound. According 
to Webster's New World Dictionary of the American La][iguage, Second 
College Edition, sound is defined as vibrations in air, wateV>^ etc 
that stimulate the auditory nerves and produce tjie sensation of 
hearing. According to Webster's definition, it is necessary that 
the .auditory nerves be stimulated in order to have sound and, 
therefore, no sound was produced for the case of the tree falling 
in the forest. 

Scientifically, sound is defined as a rapid, small scale 
fluctuation of the instantaneous air pressure atove and below the 
local barometric pressure. In a physical sense sound is the 
vibration. of particies in a gas, liquid or solid. Since there are 
no particles in a vacuum, sound cannot be transmitted in a vacuum. 
Using the scientific definition, sound was produced as the tree 
crashed into the ground. This example indicates the importance 
of knowing the definition of the terms and the assumptions used 
in discussing a problem. 

Noise is defined as those sounds which arouse such negative 
responses as - unpleasant, discordant, distorting or painful. 



Therefore, noise is sound which' is unwelcome, unwanted, uninvited, 
uncomfortable and unhealthy. An alternate technicanl definition is 
that noise is a sound which is erratic, intermittent or statistically 
a random oscillation. 

AS indicated in the scientific definition of sound, sound is 
produced by the vibration of particles. In air this vibration 
results in a variation in pressure as shown in Figure 1. Consider 
that a tuning fork is producing the pressure variation as shown in 
the figure. The pressure variations eminating from the tuning 
fork are called sound waves. Sound waves are longitudinal waves 
which cause the medium to vibrate parallel to the direction in 
which the wave is moving. Longitudinal waves are also generated 
when a pebble is dropped into water. 

The loudness of sounds are associated with th2 amplitude of 
the pressure wave, as the ear drum receives a wave of increased 

I 

amplitude, the ear drum is caused to vibrate with increased-s. 
amplitude. This psychology gives us the feeling that the sound 
is louder. Scientists and aqoustical engineers relate the loudness 
of a sound wave to a quantity called intensity. The intensity is 
defined as the power supplied to a unit area of a surface exposed 
to the sound. The normal units for intensity are watts per square 
centimeter. For simple motion performed by vibrating particles, 
the intensity of the sound wave is proportional to the square of 
the amplitude of the pressure wave. 
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FIG.l VARIATION OF PRESSURE WITH TIME AT A POINT 
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rh a sound wave, one compression and one raref icat,ion con- 



stitutea a cycle. The number of cycles per second is defined ai/ 
the frequency of oscillation. The wave " length in seconds is the. 
inverse of the frequency of oscillation in cycles per second. 
The pitch. of sound is related to the frequency of oscillation. 
We say that a sound is high; in pitch if its frequency is high, 
and low in pitch if its frequency is low. 

The I sound wave moves through an elastic medium at the speed 
of souncli. For air, the sptSed of^sound at room temperature is 
approximately 1100 ft/sec. and increases at a rate of 2 ft/sec. 

/ 

per degree CentigradLoJ-^^ The speed \Qf sound in various materials 
is shown in the table below: / 



TABLE I - SPEED OF SOUND IN MATERIALS 



Subatance 

Rubber • z*'* 

Water vapor 

Lead 

Alcoljiol 

Hydrogen 

Water 

Copper 

Brick 

Iron 

Glass 

Aluminum 



\ 



Speed of Sound 
127 ft/sec. 
1,315 ft/sec. 

•4,026 ft/sec. 

/' 

/4,072 ft/sec. 



\^ 4, 165 ft/sec . 

4, 794 ft/sec. 
11,480 ft/sec. 
11,980 ft/sec. 
16,410 ft/sec. 
16,410 ft/sen. 
16,740 ft/sec. 
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The tmct tliat »p*»d of 'lound g«n«rally im higher in lolid 

raa^exials than in air was used by the Indians in determining the 
approach of a man on horseback. By putting his ear to the ground, 
the Indian heard the sound of the hoof beats long before he saw 
the approach in ;j horseman, ^ 

When a ssound falls upon a hard surface, such as a wal"» or a 
floor of a room, it is reflected. One result of the reflection 
or' sound is the echo. If an observer in a favorable location makes 
a sound, in time tha. sound strikes a solid surface and" is reflected 
back t;) him. The time required depends on how far away the reflecting 
surf.tco is. If the reflector is 550 feet away, the sound must 
travel 550 £eet and back, a total of 1100 feet. Since at normal 
room temperature sound travels 1100 feet per second the echo will 
be heard about 1 second after sound is produced. In fact, seafaring 
men used this principle in reckoning distance to obstacles when 
thc»i<..- 'AM:, thick foq cover. They would time the echo of their 
ship'j-^ whistle. The principle is still used today, only instead 
of usinvf sound waves, high-frequency radio waves are used. Since 
ruli - A.wos travel at the speed of light - 186,000 miles per second - 
It p>vssihle i.o detect an object 550 feet away in only .00000112 
.j.n- • I.- . Thi' device used for detection is called radar. For 
mn!.-: v . • -M- ipplirat-.iv-)ns radar is ineffective because of the 
ii .-ii--,- i of the energy of the radio waves in water. Sonar, 
•vhi.'h is based on the reflection of sound waves, is used effectively 



for underwater applications. It is used for the mapping of the 
ocean floor, submarine navigation, and the location of schools 
of fish, 

III. MEASUREMENT OF SOUND 

The loudest sound pressure that a person can hear without 

experiencing pain is 10 million times the softest sound that is 

barely discernable under ideal conditions. This ratio of 

10,000,000:1 makes the use of a linear scale for sound pressure 

impractical. In order to deal conveniently with such a large 

rango of numbers, a logarithmic measure defined as the decibel 

(dB) is used for the measurement of sound level. The decibel is 

a dimensionless unit for expression of the ratio of two values of 

sound pressure. When the unit is used to express a sound pressure 

Isvel, a reference pressure is always implied. The •♦•eference 

level for decibel readings corresponds to the weakest sound level 

that can be heard by a person with very good hearing in an extremely 

quiet location. This reference sound pressure level is .0002 micro 

2 

bars ■■■ .0002 dynes/cm . The mathematical relationship between 
sound pressure level and sound pressure is 

SPL - 20 log (P/.0002) 

where SPL is the sound presf?ure level in dB 

p is the root mean square sound pressure 
in microbars. 
13 



Is mentioned in th6 previous section/ th« Intensity or "power of a 

sound vavo is proportional to the square of the amplitude of the 
pressure wave. Therefore, the sound intensity that is emitted 



by a source can be expressed as 

SIL = 10 log I/IO 
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where SIL is the sound intensity level in dB 
I is the sound intensity in watts • 
iO""^^ watts corresponds to the weakest 
audible sound. 

Table J presents typical sound levels for noises in the outdoor 
and indoor environments. 

TABLE 2 - TYPICAL SOUND LEVELS 



SouHvl lA.'vel 
(cl3) 



- 10 



10 



Sound Pressure 
(microbars) 

.0002 



.002 



.02 



20 

200 

2000 



Sound Power 
(watts) 



10 



10 



-12 



-10 



10 



10 



-8 



-6 



10 



-4 



10 
1 

100 



-2 
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Source 



Threshold of 
hearing 

Rustle of leaves,. 
Studio for sound 
pictures 

Bird calls^ average 
residence 

Air conditioning unit 
at 100 ft., Conver- 
sational speech 

Passing truck. Garbage 
disposal unit 

power mower, auto-* 
mat ic lathe 

Loud automobile horn, 
oxygen torch* 

Threshold of Pain 



Since a logarithmic scale is used for sound level measurements, 
it should be noted that the following relations exists 

a) A difference of '"I"dB"Ts"Tppfox^^^ 

in sound level that the average person can detect. 

b) If the sound pressure is doubled, the SPL is increased by 
approximately 6 dB. If the. sound pressure is increased 
ten fold, the SPL is increased 20 dB. 

c) If the sound intensity is doubled, the SIL is increased by 
approximately 3 dB. If the sound intensity is increased 
ten fold, "the SIL -as increased by 10. 

d) when two sources producing sound levels of 80 dB each are 
operated simultaneously, the resulting sound level is not 

. 160 dB but only 83 dB. 'Appendix I presents a method for 
adding and subtracting sound levels. 

Sound level measured in decib€Jls depends 'upon the strength 
of the pressure fluctuations around the ambient pressure. It is 
measured by a sound level meter which consists of a microphone to 
convert the pressure fluctuations into a corresponding fluctuating 
electrical voltage, amplifiers, a weighing network that shapes the 
voltage to account for the response of ^he ear, and a voltmeter. 
Since the voltage output from the microphone is dependent upon the 
sound pressure level, the meter is normally calibrated to read 
sound level directly in decibels. 

The American National Standard for Sound level meters has 



specified the frequency response characteristics of the weighing 
networks for sound meters as shown in Figure 2. Responses A, B 
and c selectively discriminate against low and high frequencies. 
When making sound level measurements with a sound level meter, 
it is recommended that readings be taken on all three weighing 
networks. If the dB reading is the same on all three networks, the 
sound probably predominates in the frequency range above 600 cycles 
per second. .If the reading on the C network is higher than that 
on the A and B netwo-rks> the sound probably predominates in the 
frequency range below 600 cycles per second. 

Noises .that are measured are very rarely pure tones or single 
frequencies. In fact they are usually a conglomeration of sounds 
that may range from a low frequency roar to a high frequency squeal. 
The ear reacts to these sounds in different ways depending not 
only on the overall levels, but on the composition of the noise as 
a function of: frequency. In order to measure this composition a 
frequency analysis is performed which will indicate how the sound 
energy is distributed over the audible range of frequencies. The 
three moLhods used are Octave band. Narrow band, and One-third band; 
essentially they are methods of breaking up the audible spectrum 
of L'requoncies into smaller bands and determining the level for 
ea.'h b.\;'.i. 
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FIGURE 2 FREQUENCY RESPONSE CHARACTERISTICS IN THE AMERICAN 

NATIONAL STANDARD SPECIFICATION FOR SOUND LEVEL METERS 
ANSI ~ SI. 4 - 1971. 

(Source: Handbook of Noise Measurement > Seventh Edition, 
1972, by Arnold P.G. Peterson and Ervin E. Gross, Jr., 
General Radio Company, Concord, Mass.) 
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Since souod waves are longitudinal, any receiver must include 

a member which Is capable of responding to this typ« of wave. 

In the invertebrates, hair-] ike appendages serve this purpose. 
In the higher animals, particularly, in man, the hearing organ is 
quite complex enabling man not only to detect sounds of infinitesimal 
energy, but also their quality. 

The human ear consists" of three main parts as shown in 
Figure 3s the outej: ear, the middle ear and the inner ear. Each 
plays an important part in hearing. 

The outer ear consists of the auricle and the ear canal. The 
auricle is the fleshy curved part which is attached to the side 
of the head. Its cuplike shape enables it to collect sound waves 
and direct the];n into the ear canal* The purpose of the ear canal 
is to guide the sound waves into tne middle ear. 

The function of the middle ear is to transmit the soundwave 
from the ear canal to the heavy inner ear fluid. The middle ear 
consists cf the ear drum and the auditory ossicles. The ear drum 
is a thin sheet of tissue which separates the middle ear from the 
ear canal. When the sound waves reach the ear drum, the ear drum 
vibrates in response to the sound pressure. The vibrations are 
transmitted to the inner ear by means of the ossicles, which consists 
of the three smallest bones in the body. The three bones are the 
mallus (hammer), the incus (anvil) and the stapes (stirrup). The 



* 

A 




a) Over-all Cutaway View 




b) cross-Sectional View of the Middi 



FIGURE 3 THE HUMAN FAR 



{Source: Toward a g uieter City. A P'^port of the Mayor's 
Task Force on Noise Control, New YorX, 19' D) 



bones are' similar * . sh^ipe to the objects for wKich they are named. 

tW mallus is attacJhed to the ear 'drum and the stapes is attached 

i V- ' . . . 

'to tho oval window of the "inner ear. The bona6 in the middle ear 

behave as "a -flftniature lever system and increases the magnitude of 

the force exerted on the ear drum- at the expense of the magnitude 

• * J 

of the motion. 

The inner e ait/ contains many intricate chambers and passageways. 
Three semi- circular canals, which give us our sense of balance, 
are located in the in ier ear. Located directly behind the. oval 
window, which separates the middle and inner ear, is the conchlea. 
The conchlea is a snale-like organ which is filled with fluid. * 
The conchlea is divided into two sections by the basilar membrane. 
(Figure 4) . The Organ of Corti is located on the basilar membrane. 
(Figure 5) . It is a transducer like mechanism which is responsible 

for translating acoustic hydraulic pressure impulses into neutral 

If 

impulses^- a common language between the brain and its many sensory 
/ ' 

imputs. This juncture is effected at the hair cells as the hairs 
are bont in contact with the tectorial membrane. In general terms, 
certain aroas along the basilar n.embrane of the conchlea are charged 
with certain portions of the audible frequency range - lower 
frequencies assigned near the cochlea apex or widest part of the 
meml>rai!o, ard higher frequencies to the basal or narrower part 
of tht-^. nombrane. There are three parallel rows of outer hair cells 
and ono row of inner hair cells. The former are far more liable 
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a) Longitudinal Section of the Unrolled cochlea 




b) Cross-Section Through Unrolled Cochlea 
THE COCHLEA 

(So-v^rce: Toward a quieter City. A Report of the Mayor" 
Task Force on Noise Control, New York, 1970) 
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FIGURE 5 DETAIL OF THE ORGAN OF CORTI 

.<» 

(Source: Toward a juieter City. A Report of the Mayor's 
TasSk Force on Noise Control/ New York, 1970) 
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to noise - induced^ physiological damage than are the latter. The 
vibration of the hiiir cells stimulates nerv.es attached to them. 
These nerves send messages through the auditory nerve to the brain. 

The useable range of auditory sensitivity extends iion-linearly 
from frequencies. of 16 cycles per second to 20,000 cycles per 
second in a young normal hearing adul^« Figure 6 , illustrates the 
auditory threshold for a typical group of Americans. The curved 
are labeled by the percent of the group that could hear tones ^ 
below the indicated level. 

* • ^ 

V. TOioMETRY 

The instrument used for measuring the acuity of a person's 
hearing is called an audiometer^ Since audiometric procedures 
are used mainly for the detection and investigation of impaa^red 
hearing, the Results of the measurement are usually expressed in 
terms of "hearing loss " relative to the acuity of an average 
normal ear. in general the audiometer is comprised of three 
basic components: (1) a sound generator which produces the signal 
the person hears, (-2) a means for controlling,/ the sound level of 
the signal and (3) a means for applying the sound to the listener'. s 
ear . 

In the past such things as bells, tuning forks, coin clicks, 
the whispered voice, and many other devices were used to test a 
person's hearing acuity. Most of these early devices suffered from 
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FREQU6NCY IN CYCLES PER SECOND 

FIGURE 6 ABSOLUTE AUDITORY THRESHOLD FOR A TYPICAL GROUP OF 
AMERICANS 

(Source: Toward a Qv l eter City. A Report of the Mayor's 
Task Force on Noise Control, New York, 1970) 
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difficultTes in controlling the level and the frequency of the 
sound signals. Standardization of the signals with any reasonable 
accuracy was practically impossible in most cases. With the advent 
of the vacuum tube, transistor and "the simultaneous advances in 
design of electrical and electronic circuits, it has become possible 
to build compact highly stable audiometers. By means of standard 
procedures for acoustical and electrical measurements all modern 
audiometers may be calibrated to give essentially identical results 
within practical tiPlerances. Therefore, results of audiometric 
tests made at various clinics or laboratories may be safely 
compared. 

Of the many types of sound signals which might be used for 
audiometric work, there are two which are used almost exclusively: 
(1) pure tones, and (2) speech. Although both types are_ available 
in commercial form the pure tone type is the most widely used. 

The procedure for determining a person's hearing loss is the 
same with either instrument. Beginning with the sound signal at 
a level that is audible* to the patient, the operator gradually 
reduces the signal level by adjusting a calibrated dial until the 
patient indicates that the tone is no longer audible. The sound 
level is then brought up from a definitely inaudible level until 
the listener signals that the tone is again heard, again the dial 
reading is noted. Several such pairs of readings are taken and the 
average is considered to represent the hearing loss of that person 



fe for the particular fr«quincy of sound amployad. The hearing lose 

is detormined for. a number of frequencies the results are plotted 
on u graph of hearing loss versus frequency which is called an 
audiogram. 

Xhe pure tone audiometer comprises three units: (1) an 
electronic generator for generating electric currents of various 
frequencies, (2) an amplifier with a volume control calibrated in 
ii db steps, (3) an earphone for applying the sound to the listener's 
ear. This type of instrument may employ other variations such as 
rocordings to supply the sound signal or a loud speaker to apply 
the sound to" the listener's two ears simultaneously. The instrument 
has three dials. The first dial is usually the coarse frequency 
selector, the second a fine frequency control. The third dial is 
the sound pressure level control calibrated in 5 db steps of 
hearing loss. There are two types of earphones that may be used: 
(1) air conduction type, from which the sound is conducted by air 
down the auditory canal to the eardrum, or (2) bone-conduction 
typo, which is pressed against a bony portion of the head (usually 
the raaytoid, back of the ear) from which the sound travels through 
the skull to th*- inner ear. Both types are used in diagnosis 
since they may not yield the same results on a given ear. For 
example, if the inner ear is normal but a mechanical obstruction 
t»xii?t« in the middle or outer ear, the hearing loss for air-conducted 
sound may be much greater than for bone conducted sound. 
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Thara ar« two variaties of 'pure tone audlotnatars In conunon 

use today. ~ (1) the fixed frequency or descrete frequency type 
and (2) the sweep- frequency type. The descrete- frequency audiometer 
generates sounds of only a certain limited, number of ifrequencies. 
For example, such tones as 128, 256, 512, 1024, 204=8, 4096, and 
8192 cycles per second. These are the most frequently used 
frequencies for clinical audiometry. The sweep- frequency type of 
audiometer is designed to give tones of any frequency between a 
lower and an upper limit by merely turning the dial. The operator 
may "sweep" through the entire frequency range. 

■ VI. MEDICAL EFFECTS OF NOISE 

The major effects of noise may be tentatively classified under . 
three basic headings as follows: 

I. Physiological 

A - Direct • 

1 - Permanent lo^s of hearing or what is known as PTS 

(Noise induced ' Permanent Threshold Shift). 

2 - Temporary loss of hearing or TTS. (Noise-induced 

Temporary Threshold Shift) . 
B - Indirect * 

1 - Fatigue, caused, by a lost or noise disturbed sleep. 

2 - Autonomic nervous system effects vasodilation. 

II. Physical 

Interference with spoken communication or SIL (Speech Interference 

Level) . V . 
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Ill . Psychological 

A - Direct 

I - Annoyance 

B - Indirect 

1 ~ Tension, inefficiency and subsequent loss of work 
productivity. 

If we were to consider sequentially the direct effects of 
noise indicated above we would notice that we descent from 
Permanent Threshold Shift 
to 

« 

Temporary Threshold Shift 
to 

Speech inter fernce 
to 

Annoyance 

(I) The required acoustic noise energy decreases with each 
lower order effect. For example - The noise from a 
neighbor's air conditioner may not be of sufficient level 
to interfere with speech communication, yet depending 
on the hour of the day it may well be classified as 
Annoyance . 

(J) Noises which at their source originate with intensities 

providing higher order effects such as permanent threshold 
shift will generally result in lower order effects at 



greater distances sin e the intensity will be 
proportionately lower. For example - The noise produced 
by an unmuffled Jack hammer is of sufficient magnitude 
to permanently impair the operator's hearing* At 50 to 
100 feet distance, average conversation is impossible, 
while .one block aWay to an individual attempting to 
. - concentrate on a difficult task it may prove quite 

annoying. 

(3) As the drdev of effects decreases, the effects become 
more subtle or evasive and more difficult to document. 
For example - The permanent hearing loss sustained by 
thf Jack hammer operation cited above may easily be 
assessed through audiometry tests. The temporary loss 

of hearing suffered by the peopl^ in the iinmediate 

■ ■ / 

vicinity will slip away with rest, time and the removal 
of the obnoxious sound. Finally how does one measure or 
scale levels of noise produced annoyance? 
Numerous studies have been undertaken to assess those critical 
noise levels whjch may permanently dan age Soaring. The results 
are in fair rvgroement. The sound levels of concern lie between 
85 db and 95 db for octave bands within the frequency region 

Mr ' ' ■ - - — — — — .... 

Octave band i=5 a band of frequencies between any tvo arbitrarily 
chosen frequencies having a ratio of 2:1. That is the higher 
frequency is twice the lower. This is a method of specifying the • 
frequency composition of noise, by dividing the frequency spectrum 
into various octave bands. 
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" 300 cps to 4d00 cps. 

The extent of effectii on hearing depends upon duration and 
frequency of exposure to the noise as well as certain -elusive 
qualities which make some ears more susceptible than others. 
It is unlikely that levels below this range will result in impaired 
"hearing. The effect of noise on people is cumulative, it produces 

■ an "acoustic fatigue". Repeated moderate noise builds up to inflict 
the same damage as a single loud noise. Even more important, 
repeated noise is the only type {short 6f a shattering explosion) 

. that produces permanent hearing loss, 

-Some of the hearing loss from acoustic fatigue is recovered 
when the noise is removed, but the permanent damage cannot be 
determined until the injured person has boen away from the injurious 
noise for several months. In the case jf a loud explosion or 
other intense sound, hearing ability may not stabilize for many 
months after. 

The hearing loss suffered by individuals from years of 
exposures to noise usually differs in various portions of the 
-hearing range. Figure 7 presents the results of a study of people 
who rogiilarly worked in a 90 dB noise environment. The results 
indiciite that little hearing loss occurred in the 1000 cycles per 
second range until after some 30 years of exposure. However, a 
50 dB loss occurred in the 4000 cycles per second range after an 
exposure of only 16 years. 

Figure 8 shows the permissible daily duration of exposure to 
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FXGURE 7 HEARING LOSS FOR INDIVIDUALS WORKING IN A 90 dB NOISE 
ENVIRONMENT 

(Source; The Anatomy of Noise by Leo Beranek and Layman 
Miller; Machine Design, September 14, 1967) 
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ri^HTRI-: 8 PERMISSIBLE DAILY DURATION OF EXPOSURE TO NOISE TO 
PREVENT SERIOUS HEARING LOSS IN 10 YEARS 

(Source: The Anatomy of Noise by Leo Beranek and Layman 
Millar. Machine Design, September 14, 1967) 
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noitfft to prevent iieri<!>u« hearing loss in 10 years. On the basis 

of available data, standards set under the Walsh Healy Public 
contracts Act now sets 8 hours as the maximum time a worker can 
be exposed to noise levels of 90 dB. 

Aside from hearing loss, no'se may cause cardiovascular, 
glandular, respiratory, and neurologic changes, all of which are 
suggestive of a general stress reaction. These physiologic changes 
cire produced typically by -intense sounds of sudden onset, but also 
can occur under sustained high level, or even moderately strong, 
noise conditions. Whether such reactions have pathologic consequences 
is not really known ond may be unlikely in view of the body's capacity 
to adapt to prolonged or recurring forms of sound stimulation 
including those of fairly high level • However, there are growing 
indications, mainly in the foreign scientific literature, that 
routine exposures to intense industrial noise may lead to chronic 
physiologic disturbances. A German study, for example, has shown 
a high incidence of abnormal heart rhythms in steel workers exposed 
to high noise level in their workplaces* Neurological examinations 
of Italian weavers, also exposed daily to intense noise, have shown 
their reflexes to be hyperactive, and, in a few cases, electro-- 
encephalography has revealed a pattern of desynchronization as 
seen in personality disorders • A study reported in the Russian 
literature shows that workers in noisy ball--bearing ana steel plants 
have a high incidence of cardiovascular irregularities such as 

3 3 



bradycardia (i.e., slower heart beat). Subjective complaint* of 

extreme .fatigue, irritability^,' insomnia, impaired tactile function 
and aexual impotence also nave been made by woricers repeatedly 

exposed to high level industrial noise. All of these disturbances 
appear marginal iri nature and may be difficult to relate causally 
to noise. Other factors in the work situation or in the specific 
group under study might have been responsible for the observed 
problems. In any case, corroboration of these findings is needed 
and a broad-scale survey of non-auditory disorders among workers 
in noisy industries might prove illuminating. . . 

Noisy conditions in work areas can interfere with speech 
reception and impair worker performance on jobs requiring reliable 
voice communication. Noise effects on performance, not dependent 
on voice communication, are uncertain. Available information 
sugge4ibs that workers devoting constant attention to detail (e.g., 
quality inspection, console monitoring) may be most prgne to 
distraction. Noise may mask auditory warning signals and .thereby 
cause accidents or generate reactions of annoyance and general 
fatigue. With reference to the latter, it has been stated that 
man must work harder under noisy conditions than in quiet to attain 
the same job output. The fact that much of these data are 
conjectural dem'^strates that additional research is needed to 
determine their validity. 

Data coupling industrial noise conditions with measures of 
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accident rate, absenteeism and employee turn-over are not available. 
Noise may be implicated in such occupational problems but casual 
relationships might be difficult to demon?<trate. It should be 
stressed that reducing industrial noise conditions to levels non- 
hazardous to hearing will minimize but not eliminate the performance 
behavior problems just described. Clearly, there is need for 
additional basic research to determine the full spectrum of the 
affects of human exposure to. a noisy environment. 




7. LBGMb' ASP1CT8 OF NDISI* 

Noise, as a legal problem in the united States, has some very 
deep roots. Historically there were always remedies against such 
nuisances as "smoke, noxious vapors and noisome smells". These 
categories seemed enough until the industrial revolution brought 
about the nuisance of "noise" which might not be connected with 

I 

smoke, vapors or smells. During colonial times in the United 
States noise as, a "nuisance" was a matter of law in England. In 
the case -of Jones vs. Powell of 1628, the court passed the following 
ruling: 

"A tannery is necessary, for all wear shoes, ^nd yet it will 
be pulled down if . it is erected as a nuisance to others". 

This type of "nuisance law" was adopted in the United States 
as "common law" until their codification into legislation in the 
act of 1865. In the 1800 »s a group of residents on properties 
'adjourning a blacksmith shop went to court complaining qf the noise 
from the continual operation of large sledge hammers. The court 
granted an injunction restraining the operation of the shop between 
the hours of 8 p.m. and 6 k.m. 

Although the earliest cases in New York relatad to smells and 
noxious odors, it must be understood that the rule with regard to 

A major portion of the material presented in this section is 
reproduced from the report "Toward a Quieter City", Mayor's Task 
Force on Noise Control, New York City, 1970. 



abating smells was no different from that for abating noise. 

t. 

Therefore, the following quotations are quite relevant: 

. "To. constitute a nuisance it is" npt necessary that a smel^t 
should be unwholesome, but sufficient if it renders enjoyment of 
life and property uncomfortable - it. is sufficient if it produces 
that, which is Offensivi!^^ to the senses and impairs enjoyment of 
life and property". * . 

"It is) not sufficient* that it is merely disagreeable; it must 
be an annoyance calculated to interrupt the reasonable enjoyment 
of life and property". ' . . ' 

The original legislation in New York was Sec. 385 and 386 of 
the Penal Code of 1881. Later it was amended by Chapter 367, Sec. .1 
of the Laws of 1901. After that it was incorporated as. Sec. 1530 
of the Penai Code of 1909. Finally it found itself as Sec. 240.45 
of the Penal Code of 1965 which is the present Code. The original 

t' 

misdemeanor penalized one who "annoys, injures or endangers the- 
comfort, repose, health oir safety of any considerable number of / 
persons". The cu'rrent\^section penalizes one "who by his conduct 
either unlawful in itself or unreasonable under all the circumstances 
creates or maintains a condition which endangers the safety or 
health a considerable number of persons". 

Supplementing the general law for the abatement of nuisances. 
New York State has enacted laws against particular noise nuisances 
in the motor vehicle field. 
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A9«in«t* lmprop«r motor eycX*, muff l«ri - Motqr V«hicl« ' 

Law Sec. 381-1 

(b) Againat gpnga or airens other than authorized emergency 
^ vehicles - Motor vehicle Law Sec. 375-26 

(c) Against inadequate mufflers for motor vehicles - Motor 
Vehicle Law Sec. 375-31 

(d) Against excessive or unusual noise of motor vehicles anc. 
defining the same as a sound level above eighty-eight 
decibels on the "A" scale at less than 35 mphand 50 ft. • 
from the center of the traffic lane - Motor Vehicle Law 
Sec, 386 

(e) Against 'individuals on the principal of preventing 
disorderly conduct, for any unreasonable noise - Penal 

r 

Law Sec. 240.20 

The City of New York has,, among other things, taken the following 
action: 

(a) Against unnecessary noise generally now Administrative 

Code Chap. 18 under the Police Dept. Title "A" Sec. 435-5 
which prohibits "any unreasonably loud disturbing and 
unnecessary noise.... of such character, intensity and 
duration as to be detrimental to the life or health of 
any individual (and in particular) : 

(1) Horns and signal devices on automobiles and other 

vehicles while stationary, except as a danger sigi^^l, 
and while in motion only as a danger signal. 
" 38> - ^ 



(2) ^Operation a£ any radio, phonogram , etc. In such a . 

manner or with such volume, particularly between 
lltOO p.m. and 7tOO a.m., »o as to annoy or disturb 
the quiet, comfort or repose of persons in any 
dwelling, hotel or other type of residence". 

(3) The keeping of any animal or bird causing frequent 
or long continued noise which shall "disturb the ^ 
comfort and repose of any person in the vicinity" . 

(4) Use of vehicle so out of repair, so loaded or in 
such a manner as to. create loud and unnecessary 
grating, grinding, rattling or other noise. 

(5) Unnecessary blcving of any steam whistle. 

(t) Use of a stationary internal combustion engine without 
a muffler "which will effectively prevent loud or 
excessive noise therefrom" . 

(7) Building construction or demolition, etc. except 
between- 7;00 a.m. and 6:00 p.m. on week days, except 
in case of urgent necessity and then only by permit. 

(8) Excessive noise adjacent to schools, hospitals, etc. 

(9) Loud and excessive noise in connection with loading 
or unloading vehicles, etc. 

(10) Shouting or crying of peddlers, etc. 

41 

(11) Use of loud speakers, etc. for attracting attention 
to a display of merchandise, etc. 

39 



fc:. \ r(b) ugaiint «ottnl wlifioation d«vic.«i on th« mtrmmt or 

abutting the street.. Sec. 435-6 of the Administrative 
Code under a legislative declaration that such 
amplification noise is detrimental^ to the health, 
welfare and safety of 'the inhabitants of the City .... 
(and by diverting the attention of pedestrians and . 
vehicle operators in the streets is) increasing traffic 
hazard and causing injury to life and limb .... disturbs 
the public peace and comfort and the peaceful enjoyment 
by the people of their rights to use the public streets, 
parks .... and disturbs the peace, quiet and comfort of 
the neighboring inhabitants". All commercial use of 
such amplification is prohibited and any use other than 
commercial requires a permit. 

(c) Supplementing thta General Code, the City also includes 
a traffic regulation Sec. 151 against sounding a horn 
except to warn against danger. 

(d) The Department of Markets of the City has also a rule 
and regulation preventing bells, gongs or noise from 
itinerant peddlers and preventing any hawking of wares 
except between 9j00 a.m. and 9j00 p.m. and permitting 
sound devices that do not increase the sound pressure 
level at a distance of 10 feet by more than 4 decibels. 
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. (•) By thm HMlth Codla of ihm City S«c. X35.19 ihm d^partmant 

may take measures to eliminate or reduce excessive or 

unduly annoying noises and may require noiae reduction 

and abatement devices, or other means of reducing noisome 

conditions or conditions dangerous to health. _ 

(f) The City also controls, by licenses, places of public 

f 

assembly and makes rules in the license department for 
the hours in which these places may be open and limits 
. them particularly in residential (zones) ^istrictSs. 
The City of New York has also established an Environmental 
Protection Administration with the powers and duties to regulate 
the emission of all harmful or objectionable noises or other 
vibrations and to make rules through the action of an Environmental 
Control Board. 

On the subject of aviation noise the City and State must work 
with the Federal Aviation Administration since they are the 
controlling agency. Unfortuantely, there has not been any strong 
federal legislation in the area so that the problem facing 
residents adjacent to airports be solved. , Although the City has 
appropriate noise legislation, it has been quite lax in its 
enforcement of these laws. 

On the federal level. Congress passed the Walsh-Healey Public 
Contracts Act which requires that any contracts entered into by 
any agency of the* United States for the manufacture or furnishing 



of nftt«rlaXt« su^plitif urtlelis «nd tqulpm^nt in any |mount 

exceeding .$10,000 muBt contain a stipulation that "no part of such 
contract will be performed nor. \ull any of . the materials, supplies, 
articles or equipment be manufactured or fabricated in any plants, 
factories, buildings or surroundings or under working conditions 
which are unsanitary or hazardous or dangerous to the. health and 
safety of employees engaged in the performance of said contract." 

It has» been the hue and cry that what is needed is stiffer 
legislation on the .part of every level of government so that the 
problem of noise can be reduced if not eliminated. Unfortunately, 
this is not the complete solution. It is more important that 
extensive educating caunpaigns be conducted so that both law makers 
and business leaders are made aware of the many intricacies of the 
problem of noise pollution. Other pressures beside legislation 
can be brought to bear. For example, the respective governmental 
agencies can use their buying power ,to effect some degree of 
control. The power of licensing can also go a long way in exerting 
pressure on industry to modify its methods so that the existing 
noi?/ environment is made more liveable. 

a) Source of Noise and Their Control 

Practically all noises in a large city can be divided into five 

categories, 

A. Transportation 

3.19 

B. Industrial 



C. Construction . * - 

D. Heating, Venilating and Air Conditioning equipment 

E. Man in his day-to-day activity (this includes commerce 
and business activity in the streets, the police and 
fire departments and the collection of refuse) . 

Transportation Noise 

1. Rail transportation noise includes the actual clanking 

and rattling of train operation on the trades, the squeal 
of wheels going around curves, the whistles and the 
release of pressure on the air-brakes after the train has 
fecopped. Trains are particularly noisy on elevated 
structures which are more effective sound radiators than 
the train itself or the concrete or earth track-beds at 
ground level or below ground. 

2» Trucks generate noise through a number of sources. In 
both diesel and gasoline operated trucks, exhaust noise 
can be a serious source of noise. In diesel trucks the 
angine noise is often effectively radiated from the engine 
itself, and this may be exposed to the public's ear by a 
light louvred, sheetmetal hood. Truck transmissions 
radiate a considerable amount of gear noise as do the 
differential gear enclosures. A chain drive radiates 
noise directly. It has a readily identified whine and is 



a friqawit iottvet of oonplitlnt. Thin typ« 6f driv^ i» . 

frequently used on earth-moving trucks. Other sources of 
itoiee from trucks AncXudei . chassis noise, springs, ^ 
brakes, air compressors, sheetmetal parts, chains and 
loose pins (whi.h cause "koy jangle noise") and tire 
whine. This last noise is not usually heard iri center 
city areas but is heard adjacent to highways and in 
perimeter residential areas where the background noise 
levels are much quieter than center city and truck speeds 
exceeding ?5 mph. current New York City noise limits 
exclude truck speeds above 35 mph because truck tire 
manufacturers continue to mold tire treads which have 
vacuum-cup type noise sources either originally or as the 
tire wears. Ui^gii the rubber manufacturers eliminate this 
characteristic from the tread design, truck users are 
likely to resist any reduction in truck noise limits. 
Automobiles generate considerably less noise in normal • 
operation than do trucks, but they can, when operated at 
high speeds on the city's parkways, be unusually unpleasant 
noise generators. The noises at high speeds include tire 
squeal, tire tread noise, rattles, engine noise and 
exhaust. At low speeds automobiles are noted for their 
engine noise and horn noise. The use of "cutouts" on 
exhaust systems is illegal and is not as common now as in 



earlier years of the automobile. • Some ule of reeonaht 

"hollywood" muffler systems causes unpleasantly loud 
exhaust noise during starting sequences but they appear 
to be of limited popularity. 

Aircraft noise has received such a large share of 

.A 

atttoution in recent times, that it is obviously a 
serious noise problem. Aircraft noise affects different 
parts of the city in different ways. To those who live 
near airports or on the runway center line extensions, 
the sounds of piston and jet engine aircraft landing and 
taking off interfere with normal human activities 
including conversation, telephone use and sleep, and are 
responsible for the interruption of the auditory component 
of entertainment equipment (e.g., radio, television, 
outdoor motion pictures) . Aircraft noise heard so 
closely also arouses fear and apprehension. To those who 
do not live quite so close to the airport boundaries, 
the noise from aircraft flying overhead and to one side 
or the other can ba a source of distraction, can interfere 
with the audition of speech and music even though it 
might not interrupt speech, and can be related to loss of , 
sleep. Sources of noise in aircraft are basically the 
engine and its intake and exhaust systems. For those who 
live near airports within the city, the operation of ground 



equipment 'may at timaa be a source of noiae annoyance, but 
this is usually of much less severity than the actual 
aircraft operation itself. A particularly -noisome 
aircraft operation -is, caused by passenger helicopter 
flights over the city. Helicopters are noisy. and the 
twin rotor Boeing-Vertol has an unusually strong pulsation 
caused by blades oh one rotor cutting the wakes of the 
blades on the other rotor? this copter also causes ' 
vibrations. For those close to the airport, the jet 
engines used on the helicopters could be sources of 
annoyance even without the blade-generate^ noise. 

Industrial Nois^ 

1. Out-of-doors process operations of industrial plants are ^ 
not, in general, quiet. Sources include: air intake and 
discharge ducts or openings from fans and compressors or 
valves, engine intakes and engine^ and turbine exhausts, 
pumps, and pump and engine radiation and steam discharglp 
noise. 

2. A fully enclosed industrial plant can generate noise which 
often reaches residential and comn»ercial neighbors. The 
sources include many of the same items as the out-of-doors 
process industries. The intakes and discharges for fans 
and compressors penetrate the wal3s of industrial buildings 



Often -dudt'a and piping are riap outftidd the building, 
^Xfxfequently over the roof, where they radiate the noises 
generated eleewher^V in' the plant, ' Many plants conduct 
operations that require the windows to be, open all year 
long. These open windows vitiate any noise control 
potential of the building walls and roof. Also, annoying 
noise may leave the building through the openings for 
fans and blowers which in themselves may not be 
sufficiently noisy to cause complaints. Typical noise 
sources in this category include punch presses, machine 
tools, forging equipment and printing presses. 
3* Another industrial noise source which is also inter- 
related with transportation is plant automobile traffic 
during night and early morning hours. Shift employees 
leaving and arriving at other than daylight hours have 
been a source of complaint in a number of peripheral 
areas of the city. 

Construction Noise 

1. Diesel engine operated equipment is by far the major 

noise generator at construction sites. These engines may 
be used to drivj generators, compressors, trucks, shovels 
bulldozers, frontloaders , scrapers, power shovels and 
rock drills. * 



Blcctrle litattor op«T«t«d iNittl|>«*nt at con«tr\i<Jti«n '»it«» . 
can also -be unpleasant noise generators. They have a 
noise output which may be described as a whining or , 

* 

groaning sound. 

Air compressors and suction pumps are both loud , 
unpleasaht noise sources at construction sites. The air 
compressors generate noise from the intake and discharge 
lines which radiate noise and from the casing which, 
like the diesel engine, radiates noise directly from the 
cylinder walls of the machine. The pumps make a number 
of sounds, some of which are casing-radiated and other 
of which are pipe or enclosure radiated. 
Blasting is used at some construction«Jsites within the 
City and is, in general, only done during the day. The 
noise from the blasting can be minimized and, in general, 
is not frequent. However, it is disturbing and causes 
serious complaints. 

Pile driving (includes hammer driven caissons) is one 
of the most persistent and unpleasant noises around any 
construction site. The noises involved in pile driving 
include the actual hammer blow on the pile as well as 
the hammer rebound. However, the noise made by the engine 
often a steam unit, can also be equally objectionable. 
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6. -Rivetincr and •Uotirieal or pn^uiimtic nut driv*r« mrm also 

s 

common, construction site noise sources. The soun^ of the 

« ♦ , 

rivating hammer has, for many years, .been synonymous 

with building construction. The listener cannot tell 
the difference between the riveting hammer and the 
electric or pneumatic nutsetter in many cases. 

7. Materials-handling equipment at the construction sites 
is often a major noise nuisance. 4 The noise includes 
both demolition and construction work in which rough 
handling of materials and scrap or the use of scrap 
materials chutes results in unpleasant noise. Also, 
elevators and cement mixers have been labelled as noise 
sources in construction. 

8. Special equipment that does not appear on every construction 

job includes on-site electrical generators and rock 

I 

drills. 

9. Interior finishing and residential construction of wood 
frame design involves the use of hammers, power saws and 
electric drills. In the context of the residential 
community, these can be sources of annoying noise. 

Heating, Ventilating and Air Conditioning Noise 

1. The most common center city noise source in the air- 
conditioning category is the modern high efficiency 
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cooling towr. THji codUnfl itowtr ooniain* two ndiw 

sources/ fans and water spray. The fans are often--of 

very large siae bein^ operated by motors rariging in size 

from 1 to 100 horsepower. The water spray noise may be 

particularly annoying in .installations near residential 

areas where even with the fan off the spray noi^e is 

♦ 

objectionable.. 

The increasing use of window or through- the-wall packaged 
c- air conditioning units leads to the generation of noise 
outside the apartment or office which is being cooled. 
This can cre^e unpleasantly loud noise levels from the 
compressor and fan sources within or really outside- the 
neighboring air conditioning unit. Another noise-sJ^hich 
grows with age of the unit is the rattling of loose metal 
parts and loose window frames. 

The intakes and discharges for major air conditioning 
systems for apartments, hotels, offices, and various 
commercial buildings (including theatres, restaurants, 
and stores) can be just as annoyirg as their industrial 
counterparts. • For the same size and volume of air they 
generate the same amount of noise. Also tooling towers, 
roof mounted compressors and air-cooled condensers can 
be noise sources in similar situations. 
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Induced and forc<?d d^aft fans for residential and 
commercial heating plants are effective noise generators. 
In soihe situations they ^enera"t% n6i6e which only disturbs ^ 

t 

the tenants. .In others they are major community noise 
sources. 

A particularly unpleasant hoise is generated by high 

pressure oil burner systems. This is a combination of 
•> ■ ■ 

high speed blower whine and 'drive' motor noise which includes 
a low pitched hum and in many cases, a distinctive motor 
whine in part due to pooling techniques used in motors 

» 

\ 

and in^part .due to basic classical motor design features % ' 
(slots and bars) . 

Combustion noise is alsp^. a problem with oil and v occasionally 
with gas fired boilers. The situation is usually" 
compounded by having the furnace air intaXe through 
louvres, an open door or open window. Often the design 
openings are inadequate and additional windows or doors ■ 
are left open. ' . * ■^ 

Pump noise associated with hot water circulators, chilled 
water systems, and domestic -hot water supply can be ^ 
effective noise generators. They usually operate as 
efficient vibration generators, and the piping conveys 
the vibrations to walls or floors which radiate the 
noise into the surrounding air. i 



J* 

8, Window tnd attic rMid«ntUl, vfntll«tin9 f«na« ••p«GUlXy 

of large size, can be a source of annoying noiae. This 
noise can be magnified by certain types of installation 
which causes the window or attic itself to vibrate and to 
radiate the sound. 

Man - Environment interaction i^oise 

1. Many noise sources in this class are involved with man 
in his leisure activities and include such sources as 
transistor radios, high fidelity stereo and television 
sets, radio, musLoil instruments, and home workshop or 
home improvement tools. 

2. Outdoor activites of residential areas include/ the use 

of power mowers, power hedge trimmers, and power operated 
chain saws. Also in this class are the hoine auto repair 
man with the noise of the work itself and /later the noise 
of the engine runup. 

3. People talking, whether in the street or in neighborhood 
yards or buildings, can often be a source of annoyance 

to a neighbor. So can arguments and parties of happy but 
noisy people. 

4. Ice cream trucks,' delivery trucks, ambulances, police 
and fire vehicles with and without sirens. 



5. Refuse collection, both public and pri,vate, is generally 

noisy and disturbing. Usual noise sources are the handling 
of trash cans, engine exhaust noise and truck operated 
loaders and compactors, 

6. Although not usually classified as noise sources, street 
meetings, religious meetings, outdoor concerts, and church 
bells have on occasion been listed as sources of complaint 
with the City. 

7. Children.^at play, whether in a school yard, playground, 
on the street, or in a neighbor's yard, are often noisy 
and to some a source of annoyance. 

8. Barking dogs also arouse complaints. 

9. Sound trucks used for political rallys, for attracting 
attention to public service activites, and those 
associated with traveling street amusement devices for 
children are also sources of annoyance in the City. 

b) Control of Noise in the City 

The application of any basic modern scientific approach to 
the current noise control problems in the City or anywhere else 



is through analysis. Using this approacl^ results in establishment 
of a three element system: 



:l^r€ 



SOURCE 



PATH 



RECEIVER 
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Th« thr«« •X«ii«nt«, pourc«> pith «nd r«c#iv«c, c»n h% d«^rib«d 

in great detail and may have many variations, but it is interesting 
to examine each in the broadest terms before attempting to 
establish or evaluate detailed noise control methods. 

The receiver of noise is, in our system, man and also 
animals. Except for those who are hard of hearing, there is little 
one can do to the receiver of noise to reduce the level or 
audibility of the noise. It is true that some citizens wear ear 
plugs or earmuffs, but their use cannot be mandatory nor can it 
be considered desirable. This rules out one major area of approacch 
to the noise control problem. Again, continuing back towards 
the noise source we come to the noise transmission path. Basically, 
this consists of the air around us and in some cases the earth and 
building we live and work in. When it is transmitted by the air, 
it is called air-borne sound. When it is transmitted along pipes 
and through the building structure, it is considered to be 
structure-borne sound. All other detailed approaches are variations 
of these two basic approaches. First we may place a barrier 
between the source and receiver; this barrier may be a wall or an 
enclosure for the source or the receiver. When the size and nature 
of such a barrier bears an appropriate relationship to the source 
noise levels and the desired receiver environment, adequate noise 
control results. In the structure-borne case, the approach is to 
break the solid transmission path by means of actual structural 



brMks« by nwftnt of tp^oial mat«rlalt usually «old ai vibration 

iaolatora, and through redesign of the system which eliminates the 
structure-borne path. Included in the barrier isolation is the 
increase of distance between the source and the receiver. It 
takes a rather great dis.tance to achieve quiet from many sources, 
but in planning stages, it might be logical to consider the 
relationship of various new noise-making sources in relation to 
the rest of the community. Does a new sewer tunnel have to have 
the air compressor "farm" located right in the middle of a 
residential area? Just asking the question dictates the answer. 

The source, the third element in our noise control analysis, 
is, in the City situation, the one that most often receives the 
least attention until impending legal action against the owner or 
the enforcement of existing statutes forces the owner to examine 
the possibilities. Much too often it turns out that the noise source 
is readily amenable to noise control by simple and not too 
expensive techniques using readily available materials. There is, 
of course, one quick non-technical approach to technical noise 
control. That is to make operation of the device without the 
noise control required by the City illegal, or to put it another 
way, appropriate statutes could be enacted to require that every 
source of the specified class be required to have a noise control 
device also specified in detail by the statute. 



t 



^' It is clear that much of tht t«ohnle«l knowl^dg* raquirad to 

quiet many of the City's moat flagrant noiaemakara ia available, 
and haa been available for acme time, but that ita application 

will not be effected until it becomea mandatory ♦ 

c) Noiae Control Techniguea 

1. There are several elements in the control of railroad 
noise sources. 

a) The most important noise control measure ia good 
maintenance o The rattling noises that accompany 
high-speed operation are not only objectionable, they 
are unnecessary. The tightening of Hrake gear and 
the appropriate adjustment of buffer and striker 
plates and of the draft gear will reduce noiae 
considerably. Also, matters of wear must be evaluated 
not only on the basis of maximum mechanical life, but 
must be examined from the point of view of usable 
life to the point of excessive noise generation. 

b) One of the most noxious noises produced by trains is 
the release of the air brake pressure after the train 
has come to a stop. On grade level and elevated 
structures such noises which are disturbing to people 
nearby, especially at night, are also needless. They 
can readily be muffled by small pressure reduction or 
expansion type mufflers. These mufflers in no way 
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affect operation of the Ijrakea or the air eompresaorai . 
Techniques for the reduction of track generated noise 
from earth supported, ballasted track/ from concrete 
track bed structures, and from elevated structures 
are well known. These include the use of resilient 
track fastenings such as the "Moses" pad, the Toronto 
tie-plate isolator and track fastening, the Firestone 
track fastening, and several European methods which 
all approach the results of the Toronto design. All 
of these methods appear to reduce the forces on both 
car and track and reduce the noise transmitted to 
surrounding structures. Another effective track noise 
reduction measure is the use of continuous welded 
rails. Some rails of this construction are currently- 
installed in the New York Transit System. Some of the 
"Moses" pad track-isolation units are installed on 
the shuttle line of the New York Transit System between 
Grand Central and Times Square. These measures not 
only reduce noise for people on the outside, but also 
reduce noise inside the cars, even old, poorly 
maintained cars. 

Reduction of th noise from elevated structures 
requires both track isolation and the damping of the 
elevated structure. There are some cases where the 
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maintenance. However, the usual cauee of noiae from 
these structurea la the radiation from the large 
steel plates and girders as well as the unobstruct*jd 
view of the track provided for nearby neighbors • 
An approach to track noise reduction in the neighboring 
areas applied in Toronto and Montreal is the use of 
sound absorbing panels adjacent to the car, from 
track bed level up to car door heights The material 
is also applied under the platform overhang. Such 
material does not, in general, reduce the radiated 
noise so that it must be mounted on a rigid lightweight 
barrier. It is effective, and in combination with 
track isolation, welded rail and maintenance can 
produce a subjectively and objectively successful 
noise reduction in the neighboring residential areas. 
It is also welcomed by the transit riders. The use 
of the resilient track fastenings results in reduced 
vibration being transmitted to nearby buildings along 
the right-of-way. In Toronto this has resulted in 
the improvement of noise conditions in theatres and 
similar spaces in buildings adjacent to the transit 
line. 
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Botli br«1i« iquMl and traek tquMl trains round ^ 

curves are under study at the present time. The 
preliminary results known to some members of this 
subcommittee indicate that suitable wheel design 
with thx^ application of certain dancing compounds 
to the wheel disc can reduce or eliminate the noise. 
Track lubrication can also eliminate wheel squeal, 
but some transit engineers have reservations about 
the use of such lubricants because of reduced braking 
and track surface damage. 

With respect to passenger car interior noise, the 
use of fully air-conditioned coaches has virtually 
eliminated the problem for those lines so equipped. 
There is little or nothing that can be done for the 
rider if the window cannot be closed. The use of 

t 

interior acoustical treatment does offer a slight 
improvement for those standing in the center of the 
car, but offers nothing to the seated rider with his 
ears near the open windows. 

By far the most significant subway noise reduction has 
been the use of rubber tires to replace steel wheels 
as the main traction and ^-upport method. Currently 
in use both in Paris and Montreal, their effectiveness 
is .compared, in Fig. 9 showing an 80% reduction in 
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(Source: Toward a Quieter City. A Report of the Mayor ♦s 
Task Force on Noise Control, New York, 1970) 
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loudnMs. tcMAA Nw YorK city * « ■ervtehing Mml 

wheels at slow speed and Montrea^ubber-tired Metro 

Cars at 55 miles per hour. 
Truck noise can be minimized through good initial design 
and through the institution of a uniform muffler code. 
Maintenance also plays an important role in truck noise 
control. 

a. An effective regulation with performance standards 
for truck mufflers wnuld go a long way to eliminate 
a large part of the unpleasant noise to which City 
residents living near highways and bridges are exposed. 
Such performance standards were tried elsewhere over 

10 years ago, but did not meet with complete success. 
The reaaons lie in part with the unavailability, at 
that time, of appropriate electronic sound-measuring 
equipment for both field and test station use. Today 
several approaches to performance standards are 
available, and the electronic equipment for field 
enforcement is now appropriate for the job. 

b. The work on the reduction of engine noise on diesel 
buses shows that suitable designs are available for 
this purpose. Basically all that is required is a 
sealed engine compartment which is mech-anically 
ventilated by a fan similar to those now employed. 



lt*im^ wn pQiiibX« that if fosotd to it, th^ truoX 
deaignera might find that thu cooling af fectivenesa 
of the engine fan may be .tproved and might even improve 
the engine operation. If engine and exhauat noiae are 
ever adequately quieted, then it might pay for the 
manufacturera to look at the tranaroiaaion and drive 
noise. 

Air brake noise, except for the squealing, can be 
quieted by means of small Vncharge muffiera and 
line mufflers located as required by each particular 
design. Here agair, the specification of a performance 
standard would simplify matters for the truck 
manufacturer who would then know what the noise control 
goals were. 

Refrigeration and air compressors, used tor both 
auxiliary and braking purposes, can readily be quieted 
by enclosure with suitable quieted forced ventilation 
and the use of line mufflers to take the pulsations 
out of the iry:akes and discharge lines. Here again, 
with specified performance goals, the job of quieting 
and enforcement would be considerably easier. 
The Aiechanical noises not associated with motive 
power and drive on trucks can often be quieted by 
maintenance. Spring and brake rattles are usually 
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usually indieations of poor dosign or poor malntonanet. 

It is tvue that an unloaded truck will rattle, note 

9 

again the .truck itaelf radiates a good part of this - 
noise from the body panels. In fact, much radiation 
can be reduced in truck-body construction by using 
better damped structures. This 'is appropriate for 
refrigerated trucks and can be effective and economical 
in panel body trucks to improve structural conditions. 
Tire noise is a major problem and only a cooperative 
program among tire and truck manufacturers and the 
tire re-treading industry to incorporate noise as a 
major design parameter will produce a quieter tire. 
At present, with no performance code, there is little 
strong incentive to develop anything but an economical', 
low initial cost, long-life tire capable of handling 
modern day truck loads on our new superhighways at 
highway speeds. Another possible approach for a major ^ 
city such as New York is to examine the effect of 
road surface on both tire noise and safety. 
The least known source of truck noise is key-jangle 
noise. This comes from small heavy parts rattling 
against other parts of the truck, in some situations 
key- jangle noise can be eliminateSt^ by providing spring 
retainers for the pins and chains required on the truck, 
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Otlwr wtaiursi to qui«t tH««« fottrott couXd ii>cl«d« 

nebprene or neoprene damped strike plate^^ which would 

« \ 
convert the strike noise from a rattle or jangle to 

a dull thud. 

h. Aerodynamic noise is currently not a major problem. 

Should a number of the other sources listed be quieted, 
then this source will need attention. The reduction 
of aerodynamic noise can be accomplished initially 

f 

in tru^nk design. However, accessories added by the 
* truck or fleet owner or the driver can vitiate any 

efforts of the manufacturer. • 
Aircraft noise is recei\/ing paramount attention. The 
solution to this nuisance will require a combination of 
enlightened regulation and strong municipal pressure 
on the aircraft industry to engage in a cooperative effort 
to reduce noise. The New york metropolitan area is 
economically depv. ■'dent upon viable air transportation 
systems, yet anticipated traffic demands have outstripped 
airport expansion. It is failure to solve the airport 
noise problems which have led to rejection by the public 
of proposed new airport capacity. Recent court decisions 
in Tampa and Jacksonville. Florida, indicate that citizen 
lawsuits against airport operators have been decided for 
the complainants and have been upheld in the higher courts 
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9h« Uek of lubetta on tht p^rt of tomo of th« nvlghborlhg 

municipalities Ground JFK International Airport in their ' 
•uit i» not indicative of what might occ.ur if another 
approach to the problem wert uiade by groups of private 
citizens. The only rational approach is for the City to 
set what it feels is a desirable long term objective and 
the acceptable intermediate goals on a fixed timetable. 
Then the Port of New York Authority and the airlines can 
be invited to sit 'down and face the facts. Continued 
public distaste for noise made by aircraft at the City's 
two major airports will eventually lead to successful suits' 
against the Port of New. YorX Authority,- the airlines or 
the City. It is recognized by those knowledgeable in this 
area that all of the technical knowledge is not now 
available to reduce aircraft noise at the airports ^to 
acceptable levels for neighboring citizens and those who 
live near the low altitu(^e flight .paths. However, it 
seems that a joint research program should be undertaken 
by the aircraft industry, t6 determine methods of adequately 
muffling the jet engine noise over t »e low-speed - low- 
altitude phases of flight around the City. It is possible 
that new engine desi^^n and noise suppressors will have to 

I 
I 

i 

be developed, but until realistic goals are provided to 
the airlines and enforced, the airlines are unlikely and 
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justlfynbly sd, to fund sueh a timt rtttareh progrm. 

Pundin»3 required for auch a program might be provided 
for by federal funds. 

Of the various solutioigs to the problems listed 
below, the most economic method or conibination of methods 
must be determined and implem,ented. 

a. Condemni;ig the existing residential land where noise 
from aii!t)ort operations is incompatible with residential 
nois.^ criteria. This involves much larger amounts 

of money than other methods. Its main disadvantage 
is the relocation of enormous blocks of population 
from long well-established communities. 

b. Sound proofing residential property around the "airport. 
Though this solution is not as expensive as condemnation, 
it still is more expensive than other ideas. It is 
estimated that several thousands of dollars per 
residence will be required, making such an approach 

run into several billion dollars. The problems with 
this solution are that the outdoor noise is still 
incompatible with residential use, and many residents 
would object to sealed windows. 

c. Quieter aircraft and engine design is a goal long 
sought, but the noise reudction technology is outstripped 
by the need for larger aircraft with more powerful 



•h9in#«, Th«r« it llttX« likelihood that aircraft 

technology can alone solve the problem and, even if 
it did* retrofit coats for the large existing fleet 
would be extremely expensive and time consuming. 
Perhaps ten to fifteen years would be a minimum 
target time for reasonable residential noise levels 
with existing airport runway locations. 
Revised aircraft operation holds much promise. If 
the thrust-to-weight ratio of the aircraft is increased 
on take-off by: 

1) retrofit with more powerful engines 

2) reduce aircraft load 

3) use auxiliary thrust support (ground based) 
then sufficient aircraft speed can be obtained 
permitting residential overflight at reduced thrust 
until over water or compatible land use permits 
increased thrust for continued climbout. Similarly, 
a revised landing procedure with a steeper glide 

path would permit lower thrust and quieter residential 
overflight. These ideas are met with controversy 
within the industry, principally, the airline-pilot 
sectors. 

Reorienting runways and flight paths so that overflight 
provides the least number of residences affected. The 
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Thh requires cooperation from the Port of Menr York 

Authority in runway deiign to make an effective 
change. This might well prove the moet economical 
solution in terms of both time and money for large 
blocks of population but not for all residential 
areas now affected. The air traffic congestion is 
aggravated by the close proximity of the two Queens 
airports. 

Off-shore airports have been suggested and are 
seriously being studied as reported in technical 
journals (AICE and AIAA) . Los Angeles, Chicago, 
New Orleans and Boston all have such plans and like 
New York City, are blessed with large bodies of 
water close to the core city. The water depths on 
the Atlantic Shelf for John F. Kennedy International 
Airport and Long Island Sound for LaGuardia Airport 
are on the order of 80 feet or less, practical fori 

1) dike-type land reclamation 

2) land fill (to ease New York City's solid 
waste disposal problem) 

3) open structural support (technology developed 
by the oil and gas industry for offshore 
drilling and processing plants) 

Expense is likely to be more than for a land-based 
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airport, but an offshore airport would be leas remote 
than some of the sites the Port Authority is forced 
to consider largely due to its present record of 
environmental impact on residential communities. 
The off-shore runway system, where only the noisy 
take off and landing operations are moved out into 
the water, would appear to have real merit. Locating 
just the runways off shore and connecting them to 
existing land-based terminals and maintenance facilities 
with an aircraft taxi-way, has many advantages 

1) Lower cost than building an entire new airport. 

2) Relatively unlimited space availability and 
little land acquisition cost. 

3) Parallel runways, three or more, to solve 
traffic tie ups caused by runway unavailability. 
The Port Authority has prepared plans for 
third parallel runways at JFK which involve 
further expansion into Jamaica Bay, indicating 
such a need. 

4) Improved air traffic situation because of 
greatly increased, separation between JFK and 
LaGuardia runway complexes. 

5) Close proximity to the City. Though runway 

to gate time might be increased 15 to 30 minutes 
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it is a lot IMS a«l«y to thm ovtrali city- to- 
city time than the propoted remote new jetporte 
-Mill cause* 

6) Use of existing terminals (currently being 
expanded for jumbo- Jet use) as well as 
aircraft maintenance facilities not only reduces 
cost but, more important, the construction time. 

7) The large land areas now devoted to runway 

. use at New YorX City airports would be released 
for quiet industrial parks or similar revenue 
and job producing use, 
Basic economic studies are currently underway by the 
air industry to provide cost data on some alternatives 
outlined above. This is a healthy step on the part 
of an industry which, belatedly, is recognizing that 
the noise problem is not going to "go away". With 
an active New York City interest in establishing 
acoustic criteria for its various zoned areas, the 
air industries can plan effectively to expand its 
services in an orderly manner. With an off shore 
runway complex, it can provide this very necessary 
transportation service as well as a harmonious en- 
vironment for the large populations resident in 
the Bronx, Brooklyn and Queens areas who have been 
plagued with serious environmental deterioration 
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resulting from N6W York City's airport op^ir at ions. 

Other airport noise problems originate in 
ground equipment operation and ground transportation 
facilities. These sources can be handled by the 
means discussed for the individual areas of noise 
control in which they fall, 
d) I ndustrial Noise Control 

Sources of noise in industrial operations, whether indoors 
or out of doors, re'iiaire the same basic approaches in quieting. 
The sources will, therefore, be discussed by type of source rather 
than by source location. r 

1. Air intakes and discharges from fans and compressors 
produce noise from three types of sources: 

a. Blade noise. 

b. High velocity air flow noise. 

c. Interior noise passing through the fan opening, 
which, in this case, acts as a duct. 

In quieting fan noise, it is necessary to consider all 
three sources. A relative quiet slow speed fan may have 
a large opening that radiates plant process noise. In 
this situation, it may be easier to move the fan location 
or the operation rather than provide a large amount of 
noise reduction for a relatively quiet fan. Basic 
trea*:ment for low- to-moderate pressure fans (up to about 
10 inches of water pressure) handling large volumes of 



alt it to a iouna trap* Uph twmpB my tt^i^mtwA 
•actions of acouatically linad duct, acouatically linad 
banda, acouatically traatad planuma, and pra-£abricatad 

♦ 

cowmarical mufflara. Tha usual acouatical lining matariala 
are glaas and mineral wool boards, and blanXats, Thasa 
materials are commercially available for this service and 
come with various facing materials to accommodate the 
wide variety of airflow conditions encountered. The 
basic acouMtical requirements include a depth of 
treatment (blanket thickness) af at least 0.1 wavelengths 
for the lowest frequency of concern, with a minimum of 
1", air passage widths under two feet, and a length of 
lining adequate to reduce the sound energy to the design 
value. This may vary from 30 feet for a 2 x 2 ft, duct 
lined with 1" thick material to 36" for a sound trap 
fabricated with 4" thick baffles (splitters ) 8" on center. 
In any case the design should be carried out explicitly 
for each intake or exhaust duct and for each fan. The 
usual procedure is to measure the noise made by the 
intake or discharge at a distance suitable for the 
measurement and calculation of the noise level in the 
neighboring residential area or the area or zone boundary 
specified in zoning or nuisance statutes. The background 
noise level at night may also be required if the criteria 



are to be based on not annoying thi neighbor*. With thia 

information, the design noise reduction for the particular 
muffler can be specified • it must be remembered that 
where there are several sources the noise from each must 
be carefully measured in order to assure that it is 
quieted. Also, the total noise oroduced by the multiplicity 
of sources must be considered when evaluating the 
sound expected at a remote location. High pressure fans 
may be quieted in a similar manner unless they also 
operate at high discharge velocities. In this case, the 
discharge noise may be as noisy as the blade noise. In 
this case the application of a muffler or . pre- fabricated 
sound trap may increase the noise levwl at a remote point 
rather than reduce it. This application may require 
installation of a special muffler having a pressure and 
velocity control system in order to provide appropriate 
air flow conditions for noise control. The mufflers of 
this type often incorporate both air and noise control in 
one package. Steam and air discharge lines including 
high pressure discharge are usually treated with a 
pressure control discharge muffler which may also include 
special mechanical properties such as water separaLion 
for steam lines. 

Pumps and compressors generate noise which, although the 
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flow ia fully 'contained in th« piping, ridiit«t dirtetTy * 

from th« fan or pump casing, th# ih^^t mttal ductworX 

and the rigid piping. It may only b« nactfiary to ancloa* 

the offending unit in a sheet metal houiing, although it 
is often easier and more effective to have the unit 
enclosed in a two to four inch thick sound absorbing and 
sound isolating housing. The materials of this ♦•ype needed 
to fabricate the enclosure can be assenibled on the job or 
can be purchased in built-to-order asseniblies, or *in 
stock sizes from half a dozen national manufacturers. In 
many cases compres3or and pump pipir*g remote from the 
unit radiates the noise. In this situation, good results 
have been achieved by wrapping the piping or duct with 
a relatively thick glass fiber blanket and placing a 1 
to 2 Ib./aq. ft. jacket over the glass fiber. Successful 
out6r wrappers have been sheet metal, impregnated roofing 
felt (two or more layers) and leaded flexible vinyl 
sheeting. 

Direct radiation from pumps, engines and compressors can 
be minimized by operating these unita in suitable 
enclosures. When correctly enclosed, a railroad car mounted, 
diesel driven electrical generator that can supply power 
to an entire community can be located within that 
community. Th'.a is a case where the enclosure has been 



detlgtved""fbr the application. Where enginea and electrical 

motors are used to drive the equipment, both engine 
exhaust txaatmfent and cooling air aystem noise control 
measures are required. However, on a production basis, 
quieting such machines should not increase their cost 
greatly. 

There is no excuse for permitting industrial operations 
to be carried out in an industrial plant with the windows 
open if the industrial operations generate noise that 
disturbs the neighbors. Whether the operation must be 
quieted or else the windows must be closed and forced 
ventilativ^n used along with appropriate quieting for the 
new ventilation fans. Pans and ducts inside the plant 
can be used to create better patterns of air circulation 
than are usually achieved with open windows alone, and 
the possibility of using intake filters may improve 
maintenance and cleaning conditions within the building. 
Economically marginal businesses balk at the requirement 
for this type of noise control, but there is no other 
solution. 

Where machine operations are hsard outside of buildings 
having no openings, the proble.:i is usually one of 
vibrations from the machines being radiated by the 
building walls. The simple and effective mean« of 



availAbXe as stock itein« from a large nunibar of iuppliara. 
Th« vibration iaolatora are usually placed between the 
machines and the floor. 

4 

ft 

e) Noiae Control in Construction 

The control of the noise generated by the various engines, 

« 

pumps, and compressors operated at a construction site involves the 
same basic methods used in industrial noise control where the 
same equipment is involved. Of particular importance in construction 
sita noise control is the reduction of noise from equipment which 
is to operate on a 24 hour-a-day basis. Here the criteria for 
control must be selected on the basis of nighttime annoyance. The 
concept among contractors on municipal projects that their work 
for the City transcends all private rights must be changed. It 
is unfortunate that it often takes a suit for an injunction, by 
enraged citizens to obtain relief. 

The basic methods of achieving noise control on. all construction 
projects in the City, whether for a municipal or other governmental 
agency, a quasi-governmental authority or a private builder, is 
the use of a statute or an administrative order requiring that 
the noise levels be maintained at or below a level specified. 
Where blasting, pile driving or riverting are to be used, they should 
be limited to daytime hours. 

IS u w 
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• The City might piace a premium on the use of "son'ic" pile 
driving, which although noisy, is less so the^n the conventional 
drop-hammer, and on the use of bolted steel construction instead 
of riveted work in order to induce contractors to use the quieter 
methods „ * , 

The use of special damping techniques along with riveting does 
not seem promising since such methods usually impose a weight 
penalty on the riverters equipment. However, the City might get 
the cooperation of organizations including the New York Building 
Trades Council, Tishman Research, and the equipment manufacturers 
to study the problem with some acoustical engineering guidance. 
It may be that some as yet unexplored methods could reduce noise 
from riveting. . 

The noise of men working is a universal' problem ^t construction 
sites and elsewhere. An effective public relations program can 
help to reduce personnel generated noise. An effective" source of 
public relations material is a- cooperative effort with the various 
unions. If the union officials will cooperate with the City on 
this, the benefits to the men and their union will be more jobs 
and a better public climate. Posters on the job and well briefed 
foremen help too. 

The whole problem of construction safety as well as noise 
needs better public relations between contractor, union and workinvi 
force. The problem here appears to be little desire on the part of 
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th« oontraetor to comwinioato to him tompor urily omployod work 

<:rew8« The city could 4o much for its citlzen-workors^ Iti builders 
and contractors who pay the insurancs pramiums* and its businassman* 

owner-tenants by educating the contractors a guilders to the methods 
of on~the-job communication with work crews. 

The interior finishing and residential wood frame construction 
noise problem is difficult to attack, but two measures will helpt 

(a) Limit such activity to daytime hours until a building is 
fully enclosed, 

(b) More frequent use of pre-cut, factory assembled, and 

» 

prefinished subassemblies in wood frame residential 
construction. 

f) Noise Control for Heating, Ventilating and Air Conditioning 
Equipment 

The 'basic problems in this field are ignorance, poor 
coram^iinjication between client, architect and mechanical engineer, 
improper budgeting, no incentives. Under a set of circumstances 
like these, there is little reason for quieter installations to 
be made in the City. 

The knowledge is available to select ^quiet equipment and 
design quiet installations'. To achieve the result, the City has 
only to enact the noise control requirements of the proposed 
building cod-* and to enforce it and the industrial noise c^riteria 
proposed elsewhere in this report on all non residential-commercial ' 

activities. ^OQ 
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Tha techniques for quieting tlTe equipment ere the eame mm 

those listed above the industrial equipment. However, in the 
office and residential *air conditioning field, ignorance often 
wastes the dollars that could buy a quiet installation on excessive 
system capacity safety factors. MeiJbers of the technical sub- 
committee have seen excessively large fans ar^d cooling towers used 
in l:)uildings only because the designers were not sure of the 
operating point for any of the equipment. This always leads to 
noisy installations at greater expense than the correctly sized 
one. A fan operating at its most efficient point makes the least 
noise. When "idling", a fan may make many decibels more ncise than 

♦ 

the. efficient fan at its rated capacity. 

Here the City can promote good design and a quieter. City by 
informing builders and owners of the availability of quiet systems 
and urging them to assess with their engineers and prospective 
manufacturers of equipment to be used the cost ^or quiet systems. 
The City might even consider a penalty for "guessing wrong". 
Possibly the Building Department might have to set up a review 
department to act as local suburT^an building inspectors who can 
flag the problems for local builders and warn them of previous 
problems with specific items of bad design. If the private sector 
cannot police itself in this respect, the City must. 

g) Helping Man Control His Own Environmental Noise 

Most of the technical sources that man uses and with which 



he inadvertently makes noise ar^N^ubject to the same noise control 
techniques as the industrial noise sources. If a section of the 
statutes were to include limitations on exterior noise made by 
home appli?nces and hand tools, the manufacturers might get the 
idea that they must reduce the noise. As it is now, most 
manufacturers look on noise control as desirable but not imperative. 
As the City has learned already, just initiating the request or 
specifying quiet refuse trucks produced the needed result within 
a very short time. 

The problem with v-arii .g signals and emergency vehicles should 
b-a a problem of continuing investigation by the City in the hope 
:hat a more suitable device than a siren may be found. 

The incid r*-.al noises in City life, the sound truck, the loud 
radio, phonograph or television, these must probably still be 
regulated by stvitute to reasonable levels and it must probably 
still be the province of the patrolman on the beu=: to use his 
judgment and persuasiveness to achieve appropriate neighborhood 
conditions. He will need suitable statutes to guide him and the 
courts may need guidance from the statute as to the needs of the 
people and intent of the statute. No catchall phrases and high 
sounding platitudes will yield the desired result . 
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